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inflation system separate from ship air supply. 


A scale model of one concept wes built and tested which verified design calculations. 
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IntRODUeT ION 
The purpose of this study is to perform. a preliminary. conceptual design 


—~ oo ~~ investigations and-make-recommendations—as-to.the feasibility_of.an... . - -. 


inflatable bow raep for the 1179 Class LST (Lending Ship Tank). The 


new 1179 Class LST ‘has an éver=tie-bow ra p. for roll-on, roll-off 


assault vehicles and: MCB. (Mobile Construction Battalfon), construction 
equipment. The present ramp i's approximately 16 ft. wide; 6 ft. dees: 
160 ft. Jong, and weighs 36.6 short tons. it is a welded aluminum 
structure, and. is Stowed on the main deck level. See Photos, on 

‘Page |. ; 


The followtna: per/ormance requirements for the inflatable bow ram 


were: authorized by the Wavy, and were treated: as. design parameters. 


The refined design. analysis will attempt to. satisfy as many of the 

parameters as possible. 

Performance Requirements 

A, Concept. The inflatable ramp shall form a bridge for the transfer 
of mititary vehicles ‘between the ship and a-beach.or pontoon cause- 
way. Thé shipboard endof the ramp. mist be free to rotate 
‘horizontally through an arc of 15 degrees to port or starboard 
(30° excursion) of the ship's centerline. The causeway end of the 
ramp mist be free to rotate through an arc of 12 degrees. to port or 
Starboard of the causeway centerline as well as move 26. feet, 
Jengitudinally. The bearing surfaces of the ramp shall be desianad 
to resist the forces generated by friction due to the ship's motion. 


The ramp shall ba capable of atcommodating £10 degrees of ship rol 


when the outboard dnd .of the ramp is supported on a causeway. 
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BS “R aii Size The ram shall ‘have a atinimum length of 110: feet and. 
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iwinimum width of 16 feet such that unres*-icted passage of Witlitary ~ 
vehiclesap to the M-103 tank -and. construction equipment used by 
the RCB's is possible, MCB equipment ‘includes such vehicles as 


scrapers, truck cranés axd Jow-boy trailer/tractors. The vertical 


inclination of the ramp wit] vary from. 10 to 20 degrees for the 
te 140 foct ramp. 
C. Design: Loads. The ramp shall be capable of supporting the loads 
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imposed: by the M-103 tank (60 tons) and AASHO (American Association é 

of State Highway Officials) H20: wheel loading in the fully extended : 
position. Intermediate ramp supports may be iricorporated into the : 
inflatable ramp. system, The ramp shall be capable of supporting ; 
the local loading of military vehicles with trac: and pneumatic 
tires. 

D.. Operational Requirements. Complete extension or retraction of the 
‘ramp shall -be accomplished in no sore than. ten (10)-minutes in 
winds ‘ip to. 30 knots. in the beaching conditions, provisions shal? 

be mad& ty assure negative buoyancy when the outboard end is 
lowered isto 4 feet of water with 5-foot breaking.-waves. ' 

£. Special Requirements. F * 
1. Thé ramp surface used for vehicle traffic shall be designed: to- 
assure positive traction “or all vehicles at the maximum ramp. . 
inclination (20 degrees). Positive traction shall: be maintained 

when vehicles. move over the transition zones at both énds of 


- the ramp.. 
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The ramp shall be désigned for Grade "a" shock Yoads according 


7 oon to MP itary: Speci fication—S~90] C—(Havy:)—in--itsstowed-position.__-___... 


The ramp shall withstand. the forces imposed by green seas and 
ship motions in storm condi:tions while stowed. 
The ramp stowage configuration shal] be as. compact as practical 


to conserve deck space, ' : 
eae 


The: rang shall be designed to absorb damage by~enemy action — 
without compromising its structural: integrity. 

The ranp inflation system shall: be self replenishing for 
nultipie use.  _ E 

Repair of the ramp shall be within the capability of shipboard 
nersonnel and equipmerrt. ’ 


ine life cyclq cost of thé inflatable ramp shal] be comparable 


to the existing bow ram. 
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g _ | DESIG ASSUMPTIONS 


oe STATE thet ef tarab le bow-ramp-wi-}l--he-loaded-with-a-variety—of-vehi¢les~-- ~~ - 
: e 
Fanging from a60 ton tank to a 1/4 ton jeep, 2 bar graph showing: 


typical vehicles and gross weights of each was, prepared in order that 


a“ 


e 2 prephica) relationship of loads. could be vi sualized (refcr to 


Figure Nos I), These vehicles, with the exception. of the i103 tank, “2 


_° 


4 


fall under the P=25 allowance of automotive equipment. 


Conversely, the bending moments that are created for different load 


bear, cring een tet eee tte geet i bos os 
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Pest: en situations as vehicles move along the ramp were computed and. are 


“4 
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: : . plotted in Figure No. 2. This is assuming that only one vehicle was ? 
= : on the raup at a time. Refer to Appendix 4 for the calculations, yi 
B: The inclination of the ramp. is also important in determining the . 
vertical. load component of the force normal to the roadway surface. a 
for a conservative design, however, the ranip was considered to bu in a rt 
i | norizonta) position, therefore creating the maximum vertical -com:. ‘ni 1 
of tue force equal to the weight of the vehicle. The effests of the a 

horizontal force created along the ramp at maxinuin inclination (20°) 4 

will be discussed in the refined design portion of the report. * 

since tie mlu3 tank is the heaviest of the vehicles normully using 7 

és the vow ramp, the preliminary design for each of the conceptual con~ 8 
figurations is based on a concentrated point Toad of 6u tons moving: 5, 

: atong the ramp, which has a clear span of 110 feet. This again irs a e 
sliyatly conservative design assumption, since the tank load is 

sctually distributed over a length of tracks (1/4 ins). Also, the 

total length of tre bow ramp is 110 Feet, indicating that after 3 

- 4, 

i suipportinyg the ram at each und, the actual cleer span is sonething %, 


less tosn 1190 feet. 
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DESIGN ANALYS!S . 
Appendices B and F of this report -explain.‘the-derivation: ef equations ‘used 
to analyze the Various fabric stresses, inflation pressures, and 
deflections that will be anticipated in the inflatable bow ramp. The 

_ derivations are rather self-explanatory if followad throtigh in a 
systematic manner. . 

The basic ‘theory: applied to analyzing a sifucture-of this type is . ¥ 

commonly referred to as “initial wrinkle theory." That is, inflating: 

a structure to 2 point whére the tension in. the fabric due to inflation : 

pressure equals the compression force along. the fabrié due to. bending 

moment « Theoretically, whén these two forces. are equal, the stfucture 

should just start to wrinkle. Tests have shown that the structure wil] 

not collapse at this point, however, but that only local wrinkling in 

the upper skin at the point of the load will. be initiated, Actual 

collapse typically occurs when approximately twice this design Téad 

is applied. to the structure. 

The basic formulas used in: analyzing an inflated beam with the ynitial, 


wrinkle theory are: 
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~ AWFLATION STRESSES 
[FS ek {EQ. 1) aan 
where -F = Force on Fabric 

p = inflation Pressure @ 
A = Cross-Sectional Area 

S; = F/C (EQ. 2) 

; where S; = Fabric Stress per Unit (1") 

Fo = 33C 


Width due to Inflation Pressure 


C = Circumference of Secticn 
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BENDING STRESSES : : 
Resistive Homent = (Fy GA) a =, GELS 4) “ee ~ 
whore f= Stress in Skin per Unit Width 1)” 
— of Fabric (tension or compression) : 


Since the skin ust be pretensioned by inflation pressure to-resi'st 


coitpression loads: produced by bending. moment (inital wrinkle “heory), 


then i : a 


ti i = Bending Moment 


agiuired inflation pressure to carry bending moment 


» = CH (Es 5) 


The noxieut longitudinal fabric stress is in the tension zone of the 
structure, and fs equal to 5, + Fo. Since S; = f,, the maximum 
Ioneitudinal fabri¢g stress = 2 5;, 

_ The maxious transverse fabric stress = pR where &® = radius 
(simple fonp stress). 
{t should be noted that initial wrinkle theory was used on all of the 
peelininary conceptual configurations, except Nos. 3, 6, 9, and. 10 
( 2¢ Figure 3). In concepts 3 and & the basic Formulas for hoop 
Lousion governed siice the inflated Fabric portion was gt required to 
resist bending moment. In concepts 9 and 10, special hybrid structures 
Jere favestigated, which aude use of aluminum structural components , 


along with fabric bladders. The theory used te evaluate these hybrid 


structures is discussed later in the report. 


A study of varsous materials avitteble on the market, excluding the 
Siwtic state-of-the-art . ‘types stili being researched, indicate. ‘that a 


eae: of fabric strengths ‘eould:.go-as high 58 3000 to 4090. pounds per 

7 Anch tensile. ‘straigths. Fabrics with these: ‘high: strengths are usually 

several plies and become: difficult to handle, From past experience, 
_ however; considering ‘Sapna: ‘and workability, fabric ‘strengths up 


to 19¢9 pounds - ‘per inch would be considered in. a normal range. 


3 a more detai led report on fabric types and snakeup, along. with actual 
" test reports, is iricluded with the srafined. design study at the end 


Of the report. 


Upon reviewing various types of inflation systems. that are available, 


many. were, dropped from further consideration on the basis that. they 


could not deliver the large voluive and relativaly. high pressures that 


are. required to quickly inflate the ramp for the specified 10 minute 


deployment time. It was also found that in the systems available, for 


pressures over 10 psi, there was.a substantial jump in the horsepowsr 


required: to-drive the unit. For these reasons then, a normal range of 


inflation. pressures of G@ te 10 psi were considered in the preliminary 
_ investigation. 


Amore detailed report on inflation. systems is included with the 


refined design snalysis at the end of the report. 
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SONCEPTUAL CONF |GURATIONS. AND PRELIMINARY FEASIBILITY. EVALUATOH 


Much reseatch was cepdisced in opdee to: review aad summarize current 


7 .¥ , staté of the ert and structural. forms that might ‘be sop \icable to the 
specific requirements for the inflatable bow ramp. Various agencies 

“or organizations that were in any way connected with research that 
might apply to this study were cofitacted; the in *ormation gathered 
is tabulated in the list of references at ‘the .end’ of: thé report. it 
night be noted that the English at the Hititary Engineering: Experi- 
men*al Establishment at Christchurch, ‘Hampshire, England seem to be 
the foreteaders in developing and testing various in®latable, ‘single 
span bridges. These bridges ranged in. spans. from 20 to 30° feet; and, 
carriéd loads tn deeds tanberhoad of-1 to 1 1/2 tons. As information 
on this work was the only data available that was directly. related to. 
inflatable bridges of the type that we are concerned with, and. since 
our design. requirements were of a nature that ‘far exceeded those -used 


by the English; it was jmperative that a new and completely unique 


type of structural. form or forms must be developed to carry the high 


loads (60: tons) over the relatively long clear span of 110 feet. 


a ' With this in mind, we were able to arrive at ten different preliminary 
conceptual configurations. These preliminary designs spanned a wide 


range of conceivable means of using the inflated structure principle. 
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Kefer to Figure 3 which shows a ganéral elevation and section view of 
each configuration, along with a chart showing a comparison of various 


properties of each concept. The preliminary design calculations for 


nA nicht metal em Recee Ae ie aae ae 


each concept are shown in Appendix C, and a brief discussion of each, 


o 


10 
with specific reference to: the calculations, will follow. The pre- ” . 
‘Virinary design information was ‘tabulated and a review and evaluation 
of each concept was conducted at a.meeting between Bifdair and Navy. 
personne] in eae to arrive at one or moje concepts to consider for 
refined designs The factors that were used in evaluating: the feasi- 
bility of each concept are listed on Figure 3, along with additional 
comments that follow. ; 
Refer to Figure 4 which lists possible operational methods for each 
goncept, and Figure $ which tabulates the. required fabric strength 
that is required after the dead load cf the structure is added to the 
fabric stress and then a factor of safety of three applied. 
lt should also be noted that in each concept, some type of roadway 
surface .or decking is peguicea es protect the fabric from abrasion 
under track vehicles, and also to maintaih positive traction for 
vehicles using the ramp. 
‘Some: research Was conducted in determining various materials which 
inj.ght be applicable for the roadway surface. Since the surface should 
probably be flexible and have the ability to be rolled or folded for 


storage, the fol lowing materials were under consideration: 


(a) ‘Non-skid. conveyor belt fabric (photo No. 1) This material is 


s 


light wéight and flexible, and could easily be bonded to the 


w 


fabric ramp. Lab tests conducted by Birdair indicate that the 


coefficjent of friction between this material and neoprene is 


approximately .6, and when in contact with steel, approximately .5, 
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(b) A typé of landing mat (4O-HAT)- that is lised in the military was 
also under considefation because of its flexibility (Photo No. 2). 
Ho inforwation was readily available that stated coefficients of 
friction. This type of material would have: to ‘be stiffened up 
St®ucturally in the transverse direction in order to distribute 
wheel loads. LS a 


{c) A rigid type of aluminum, grating that could possibly be folded i's ae 


— 


shown in Photos 3 and 4 Cwefficients of friction vary according 


to the. type of surface, and panels are ayaijlable in various sizes. 


Coricept Nos 1. ~ Oual-vall. Seam 

The basic. idea in this concept was to form a beam which would span. the. 
full 110 ft. [+ would consist of an upper and lower fabric skin, with 

a series of vertical fabric webs which would maintain the shape of the 
ramp and carry the shear loads along the ramp. Thus. it is of the 
simplest air structure forms. a duat-wall beam,. or; if thé webs are 
replaced with drop cords, airmat. In order for the top skin te carry. 
the compressive force created by the pending monet) the s¢ructure must 
be inflated to a theoretical point at which. the tension due to. inflation 
pressure equats the compression due to bending eoiceht (initial wrinkle NP ee 
theory). Likewise, the tension in the bottom skin Is the summation of 

the tension due to inflation pressure, plus the tension due to bending 

monent. : 

On that basis then, the fabric stresses and inflation pressures required 


to resist the maximum bending moment for varying depth sections were 


computed. A graph of the results is shown on Page C 4 and, assuming a 


maxi muin depth of 150 inches at midspan is the optimum, an inflation 
pressure of 15.7 DSi 1s. required with the maximum fabric stress of 

17@ of Ibs. per inch, After Adjusting. the fabric stress for dead load: 
of ‘the ramp, and. then applying: « factor of safety of chess the. 


required Fabric = strength is. se ibs. Pee, inch: (refer to. Figure 5). 
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after review, this concept ‘wag dropped. From continuing study for the 


following seasons: e- sR 
4a). 19 ERD MCT Tay ie caynes that are teaditly avaitable on the © 
market, eee Vs no fabric that will meet the required strength 
of 6132 Ibs. pér ‘inch; and stil? mafntain. the f exibility that is 
Urequired for ease in constructing and handling a structure of this 
Size, 
(b)- Also, the high inflation pressure of 15.7 psi presents some problems 
in selecting an inflator that wit] inflate the ramp in 10 minutes. 
It should be noted, however, that if lighter loads and shorter spans 
were considered, this concept. might prove to be very feasible. 
Concept No. 2- Dua}-Wall. Beam with Support 
The idea here was the same as Concept No. 1, except that by using a 
support at midspan, the bending moment would decrease, therefore allow- 
ing the inflation speestine and fabric stress to decrease. Assuming 
again an optimum depth of 150 inches (refer to Page C 5), the fnflation 


pressure required is 6.4 psi, and the fabric stress is 692 lbs. per 


inch. after adjusting the fabric stress for dead Joad, and then apply- 


ing a factor of safety of three, the required fabric strength is 


22 Vos. per inch (refer to Figure 5). 
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- For 2 tore refined: design. The fabric strength required is rather 


* “high, put siot out. of reach, of some cf the newer fabrics onthe market. 


C 
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With the Thf lation. pressure of. 6.4 psi, ‘there is no problem in finding 
an inffétor that ‘can deliver the volumi? of air required to get the 
structure up. to pressure it 10-minutés. | 
a The effects of more than one intermediate support should be considered 
in the eafined: destgauanalys! as 
- Goncept Nou J+ Oual-Well Wedge 
The principle here was to form an, inflatable, wedge that simply carries 
a the load by floating cn: the water. The ram would consist of a series 
of vertical. dual-wall sections (sée Page C 20) that, when inflated, 
would be. bound together by a cable or web system. The inflation pressure 
required would be directly related to the local wheel or track load- 
ing, and in this case would be 10 psi. ‘Fabric stress then ts. a function 
‘of cell diameter, and, for a 50-inch cell diameter, the resulting. fabric 
stress. is 250: lbs. per inch (see. Page C 19). Applying a factor of 


safety of three, the required fabric strength is 750 Ibs. per inche 
Although the fabric strength required is well within the limits of 


t 
if 
h _ Fabric types available, thé inflation pressure is a little high for ‘ 
} ‘ . 
| the inflation systems being considered. 

| 


Other, and probably more important, reasons. for not pursuing this 


concept are the fact that this rigid type of wedge cannot accommodate 
varying degrees of inclination that are required: for use on a causeway, 


or vihen landing on a beach. Also, since the wedge has a large surface 


1h 


area, the contact of 5 ft. breaking waves, along with the effects of 


" 30-knot winds, make it possible to develop a moment of 39 million foot 


pounds: at the shipboard end of the ramp, Therefore, -guying or anchor- ae 
ing of this wedge concept is required. when high winds and. waves exist. oo 


A final point ‘to be considered is the buoyancy effects of the ramp as. 


+ a 


a 60-—ton tank moves across. As the tank first leaves the ship and 


debarks down. ‘the ramp, high shear stresses are developed at the ship- ; 
hoard end of the fatip, Provision must be made to handlé these shear % 
stresses until. an apdropriate volume of water is disp]aced. to: offset ‘ 
the weight of the tank. Also, as ‘the tauk approaches the extended end, a 


approximately the last 20 feet will sink and rest on thé bottom in 
4 feet of water. Reference grapn on Page C 28. This situation alone 


creates difficulty with transition areas between the extended end of the 


st Sindy Ken & Dt 


ram and a Floating causeway. For trese reasons. then, this concept was 4 
dropped. From further investi gation.. i. 
Concept Hoe 4 - Dual-Wall Tunnel. / 
The idea here was. to create the required depth of section. to carry the ‘ 
hencing moment, and in so doing make use of a box. section in ‘which the 3 
vehicles actually debark wigugeeie inside of the section. The design. 4 
cae 
method is similar to Concept No, 1, that is, the fabric must be pre- ¥ 
tensioned with enough inflation pressure to resist the compressive force ‘ 
due to bending moment. Inflation pressure versus cell depth is plotted 
on Page C 313 for an optimum depth of 6 feet. an inflation pressure of ‘ 
vs] psi is required and the maximum fabric stress is 624 Ibs. per inch. 
Adjusting this figure fer dead toad and applying a safety factor of 
three, the required fabric strength is 2247 lbs. per inch (reference ‘ 


Fiqure 5). 


. 45. 


a 
& 


: 
g 
2 
a4 


The fabric strength: arid the inflation pressure fal} within the limits ee 
of materials available to handle the requirements;. however, the size 


and-vulnerabi lity ‘from enemy attack, along with an appropriate method - 


for operating this concept, presented. some questionable areas. ‘For 


these reasons thén, this concept was dropped from further consideration. — 7 . 


Concept ‘Noe 5. Arch . ar ; Lap 


The theory in. this concept was to form tw iparabolicsshaped: tubes which 


would in. turn support a roadway System. by-.a series of suspension. cabl: Ze 


% 
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A computer program was written. that analyzes the moment. on the areb as. - - 


nies ae 


‘the load moves. long. the roadways It should be. rioted that the tank Joad~ _ 
ing was. distributed over three cables per side. The peciiteaedan a ae | 
on Page C 54, ‘hen, applying the initial wrinkle theory (as. used fa. i 
the preceding dualswall concepts), (x was Found that tor a 10 foot 

diameter tube, an intlation pressure. of 7-4 :psi and a Fabric sivasa-ot 

776 pounds per inch were required. (See graph: on Page & 58.) After 

adjusting the fabric stress for dead: Joad and appiying a factor of : 
safety of three, the required fabric strength is 2619 pounds per inch. . : 
Again,. the fabric strength and inflation. pfessure fatl within the limits 
of materials available to meet these requirements. However, the size } 
of this concept ‘Left us with no feasible or practical method. of attach- ‘ 
ing, the arches to the: ship. ‘Also, the great vulnerability from eneny ) 
attack associated with. quick coltapse led us to the conclusion that ° | 
‘this concept did not justify further investigation. a 


eae 


The den in tite + concan “wes > bitte ani’ ‘inflatable system in: which ‘tubes. 


the. rest of the sttucture. The. ‘tension loads: would: be: carried ‘by a 


; cable ittay. which would ‘be attached at each: end: to. bulkhead.’ An:. 
antTataole: Fitter ‘Testing on the éables ‘would support the roadways. hay 


deflection of this cable sting, would’ not: ‘deflect the: conipresston. “tubes. - 
ines. “they are only ‘tn. contact at the ends, On. ‘thi . basis ‘then, it was 
found: that for a 10. foot ‘diameter. tube, the inflation pressure of 14 psi 


snd the fabric stress of 674-pounds per finch ‘ate ners (Reference 


= ar pho On. in Page c “‘6hy. 


Agatn. adjusting the fabric stress. for dead load: and» adding: a factor of 


safety of three, the fabric ‘strength ‘of 2235 pounds per inch isi 
required. Althoigh the fabric strength falts within. the limits of 
fabrics: that, are available, the inflation pressure is rather ‘hi gh: and’ 
problems were encountered in selecting an inflator device that would: 
deliver the. volume in the réquired time to get the system up. to: pressure.. 
Also, since the compréssion. tubes axe not laterally supported and might 
possibly. buckle, some question was raised concerning the structural 
tntesrity of the system. | Réalizing that the conprsssion tubes: are 
very vulnerable undér enemy. attack, it was. then decided to scratch. 


this concept from further investigation. 


ont at Aidspan 
The 4dea in this coficept was. 40 form an inflatable beam by ustay wo 


; tikes te carry. the bend fy. moment with 3 Flat inflatable mat on top. to 


form & surface for the ronchay, jin order te keep tna. fabriz stresses 


down into 3 reasonable: range, 2 support tube at midspan is required to 


“Peduce. the bending. wament. ; 


= For a design comparison, the: shipboard end.of the: Paap was: eat ged ae 

being simply supported tn “ons. instance aad fixed in: the: other. The 
Pe : reduction, in: bendiiag. moment, Rowever:, ts pot very significant, as 

‘shown on Page: C67. - By applying: initial wrinkle theory, it was deter- 
mined that for an-optiminstube diameter of 10 foet, the: inflation 

” pressure of 23.7:pst and a fabric. stress of 1423 pounds per inch are 
réquired (refer to graph on Page C 69). After adjusting the fabric 
stress for dead: load’ and app lying.a-factor of safety of three, the 
required fabric strength 1s 5058 pounds per inch. With reference te 

| * Figure’, it should be noted that ‘two straight pites, of the Fiber 6 
fabric would carry the load. However, the inflation pressure is very 
‘high, and: selecting a system to deliver this pressure and volee. in, the 
required time proved infeasible. Same suestions were. alco. faxed. con 
cerning. the torsional stability. of this ‘concept if the sad should get 
off center, along with. the catastrophic éesults. if one of the tubes 
4spunctired. The operational ‘method:of deploying stie-support ‘tube, 
along with the effect of wavis on the stpport tube, was also of some. 
‘concern. Therefore, because of the above mentioned considerations, 


this concapt was. also dropped from further investigation. 


apt No, Es Tube Tunnel, 
- The idea in thiz concest 43 similar to the approach taken in Concept 
No. 4, axcept the dual~wal 1 beams.are replaced with tubes, and the 
sides are constiuetad. of twe ply bias fabric. The exact method of 
analysts for this concept. is difficult to arrive at, since it is. hot 
_ known Tf the bias” sides wilt transmit the full or # portion of the 


ghear load. Therefore, two design epproeches were taken. A conservative 
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approach. would: be to: consider that each of the tubés will carry. one 
o* . fourth:6F thé bending moments On this basis, the inflatic stassure : 
of 5/ pai 4s required and the fabric stress of 21% pounds per inch 
is developed. ‘A lexs Conservative. approach:would be to assure that. 


the cide webs carry. the full shear load and the four tubes act ‘as ‘one 


re 
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8 beams. On. this basis, the ‘inf lation pressure of 9.5: pai is. required: 


cee tees eerd 


‘with the fabric strés#of 4456. peunds per: inch being developed; kefin~ 
ing éach. of the fabric stresses for dead load and then addiiig. a factor 
of safety of three, the required fabric strength would fal - mewhere 
in the range of 166% to 10,008 sani oer wichweitevthe inflation 
pressure would'be. between 9.5 to 57 psi. Because of the uncertainty of 
the exact design. approach, the..mean value of the fabric strength: and 


inflation pressure fati well above the normal ranges under consideration. 


Therefore, this concept. was discontinued from further study, 


The idea in this concept was to develop a hybrid structure which would 
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use an air-~supported bladder in conjunction with some type of aluminum 
of truss work. The aluninum trusses would actually carry the bending 
3 moment, while the inflated bladder would simply stiffen and hold the 
4 trusses in the correct position. To do this, an inflation pressure of 


: 5 psi is required which creates. a fabric stress of 161 pounds per inch. 
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Applying: a factor of safety of three, the required fabric strength is ! 
483 pounds per inch. These factors are well within the limits of 
fabric types and pressurization systems available. Typical truss 
systems and details that might be incorporated in this concept are : 
shown on Pages C 72 to C 82. After reviewing this concept with Navy 3 


personnel; however, it was decided that this concept was basically the 


= i ta eamiariats _ ae ce ee ea, s — 9 ag ey oe a ee Ne ee en 
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Z Same typeof system that is presently: being used, and that. the aye 
¥ inflatable pertion did very little to a¢tually carry the load, For = ‘7 
7 ‘this reason then, this concept was. dropped fiom further investigation: en, 
“si iM ; . a a _ : 
z Sincé high fabric’stresses. and. ipflation préssures are- required-to ; 
2 resist the compressive. force due to bending moment, ates iene 
e could'use a rigid aluminiumtype-déck to carry the compression load, ‘ 
. : anda ‘cable. system underneath to carry: the tensile loadsy-will ariow : 
Lt the main components of force to be carried by the structural members, San. 
= 


rather than the fabric. ‘The fabric bladder would serve as a means of 

tensioning out the cables and maintaining treir shape. 

Bi . A preliminary investigation of this donvese Gevealed thet an infYation 
= pressure of 3.6 psi would be required and. a fabric stress in the outer 


skin of 103 pounds pér inch would be developed. Applying. a factor of 


safety. of three, the required fabric strength would be 324 pounds per 
inch. 

Both the inflation. pressure and fabric stress required fall within the 
normal range of materials available to meet these requirements. Upon 
evaluation, it was decided to continue with a ‘more refined design 
analysis of this concept. + 
dn summary then, after evaluating each of the ten preliminary conceptual 
configurations, it was decided to continue with a refined design analysis 
of the dual-wall beam with intermediate. supports (Concept No. 2) and 

the compression deck with inflated bladder (Concept No. 10). It was 

also decided at this time in the study that the types of deck materials 


that were under consideration as being suitable for the roadway surface 
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refined désign analysis, 


: couda ‘not fidet the toughness and -aurabitiey: that are “yequired. for 


; iiavy. perse then di rected us ‘te evaluate each of the two. remaining 


céncepts. to unders go. refined dest gn analysis on. ‘the.basis. that the 


roadway surface would: consist of egutaciay similar to that presently 


being used ‘én. the existing bow rap. Thabvts; the déck will consist 


of .an all uni num grating approximately 3 1/2 inches deep, with rectangular 


openings ssp cusieatary 3" x 6 on eaters; with the individual bars 


1/2" thick, Details of this grating are shown. on. Page 9.23 in the 


2 


it should also be noted that when evaluating each. of the 10 concepts 


against the performance. réquirements outlined earlier, no mention was made 
concerning Grade "A" shack loads in the stowed-condition and repairability 
by shipboard personnel. In each-of the.concepts the ram was stowed in a 
manner which we felt would pose rio problem in withstasting Grade "A" shock 
leads. Also, since all of the concepts Weré constricted of fabric, 

the repairability of the structure is well within the capabilities: of 
shipboard personnel. The methed of repair slimly involves. cleaning 


and ‘patching of the affected area. 


The effects of winds. and waves had great importance only in Concept No. 3;. 


since this concept had the most contact with the seawater. The remaining 
concepts, howéver, had Uittle contact with ‘the sea and therefore posed 
no serious problem concerning the effects of wind aid waves. When: speak- 
ing of vulnerability, it should be noted that. any atr-inflated fabric 


structure is vulnerable to some degree. The concepts which we felt -are 


the most vulnerable and would lead to quick collapse were pointed out. 
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. hast any: First, ‘since ‘the are surface-to be used. must be1 simflar to 
the extatiang ‘bow ramp, this adds an additions!- dead wad: of approximately 


UL. tons. te the structure. Secondly, with this jacréased joad, consider- 
atTon.-should be- given: to the effects of more than: ‘one intermediate . 
aupport inechaniém, | oe 
Theréfore, applying. a concentrated live toad: of 120,000 pounds .and a 
dead: load. of 33.8 pounds per inch (Reference Page D2), the maximuni 
bending moments-.were: computed. for a two. wad three span-contindous: 
inflatable dual=val]. beam. Computer printouts of the: bending moment 
"are shown’ On Pages.0 6 thrucd 9. 

Applying the initial wrinkle theory as used in the preliminary: design, 
the Fasulting. fabric stresses cand. ‘inflation pressures for varying depth 
sections are plotted on-Page B12. Again, an optimum depth of 150 ine. 
Seems. to.occur at the kriee-of the curve, afd a three span continuous 
4nflatable duajewal) beam requires the least inflation pressure and 
fabric ttress to carry the load. 

A graph on Page0 17 shows. the relationship bateeen bending moment, 
fabric sti eis: and inflation pressure for 0, 1, or 2 intermeds ate 


Support tubes. By extrapolating the curves, it can be seen that the 


use of three support tubes will: probably have little effect 


in reducing the bending moment ,. Sk 
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since the carve 16 flattening out. Therefore, for a three span 
continuous inflated duzt-wall beam,. the inflation pressure of 4.5 psi 
ts required which..creates & maxi cum longitudinal fabric stress of 
487.5 pounds per inch in the outer :skin. Applying a factor of safety 
of three, the required fabric strength in the outer skin is 1463. 
‘pounds per inch, 

“Up to this time, little has been said-concerning how the inflatable 
dual-wal | will transmit the shear ‘loads as. the load. moves along the 
ramp. On Figure 6, the cross section view shows a series. of 17 

-vertical-web$. These webs; in: addition ‘to defining the shape of the 
structure, will carry thé shear loads from the upper to lower skin. 
along 45° line. ‘On Page. D 20 and D 21, the calciilations are shown 
for determining the shear load in the webz. After applying a factor 
of safety of three, the required fabric strength. is 150 pounds per 
inch in the bias ply and 162 pounds per inch. in the straight ply; 

One other important design consideration is the deflection-of the dual- 

Wall beam. With reference to Appendix * under deflection, it was con~ 
cluded that an exact method for determining thi: deflection of an 
inflated dual-wall beam is very complex, if not impossible. The 
English, however, in their studies have arrived at an equation: which. 
in all cases seems to give very conservative results. Simply, the 


uquation expresses deflection as a function of inflation pressure, 


cross sectional area, and the shear Toad at the point in question. 


Upon applying this equation, reference Pages 0 18 to D 19, it was 


found that a maximum 6} inch deflection would occur under a 
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120,000 pound point load. (It should be noted that tf this equation 
were applied to the dual-wall. bean:with any number- of interior - 
supports, the deflection. equation yields the same results. This is. 
due to the fact that the inflation pressure, bending moment, and” 
shear areia function of each other.) Since this bi Ahch deflection 
is. very Sonservative, in aettiat practice the deflection would probably 
be something less. However, an exact answer in this. régard would: 
involve actue! field testing of a prototype. : 
The exact method off developing support tubes is of ‘some concern also. 
Preliminary ideas were to actually float a cylindrical ‘bag on: the 
water's surface and, by varying the inflation pressure, regulate the 
height for accommdating the ramp to varying inclination angless How- 
ever, when investigating the idea further, it was found that such a 
large volume of water must be displaced. to hold. the load and that the 
diameter of thé support bag became s0 large it was totally infeasible. 
Other methods of rigid Vertical. support mechanisms were considered, 
but with little success. 
In conclusion then for Concept No. 2, the best way to evaluate its 
overall feasibility is to actually list the advantages and dis- 
advantages: 
Advantages 
le The inflation pressure is well within the limits of inftation 
devices available :that will deliver the volume and maintain the 
pressure in the time requirement specified (10 minutes), 
2. The fabric strengths required for the webs are well within the 


limits of easily workable fabrics available, while the fabric 
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strengit: required for the outer skin is within the limits of some 


of the newer fabrics. 


The: fact that each of the individual cells between the webs canbe 
sealed off separately, and inflated with a manifoid system, allows 
‘the ramp to withstand a puncture of a few celjs and still remain 


‘intact. <i 


¥ 


Disadvantages 


Size is the main problem, With reference to Figure 6, it can. be 
seen that the structure is basicaliy 150 inches deep for {ts entire 
length. This makes transition areas from the ship to ramp, and 
ramp to. causeway difficult. A secondary type of inflatable would 
be required in. these areas. 

Operational methods also present problems (see.Figure 4). Because 
of its width, cléarance in winching the ram back onto the deck 
‘between the derricks require that the side closures -be deflated. 
Conversely, for deployment, the sides must be: inflated after the 
ramp is extended. 

Method of attachment to the ship is. a: problem because of its size. 
it does not fit into the existing aircae 

The negative: buoyancy: requirement wien the extended: end is lowered: 
inte | feet of water isa problem. The Jarge volume of water that 
must be. displaced makes it difficult to sink the extended end when: 
not loaded, 

The difficulty in finding a suitable support mechanism that %s easy 
to deploy or retract, and still be versatile enough to accomodate the 


various ‘hetghts required for varying ravp inclination, also exists, 
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6. Since ‘the roadiay must tbe similar te ‘the: pretent a} unfevin grating. - 
‘uséd on ‘the existing bow! fap, it is difficult. to fasdle: or fold 
this. structure ‘into “compact unit. ~ a ee ee 

Te Although: ‘not know for ‘cartatii; it spears, that the defiectios. . 
‘under: the: tank Toading: will be signt fizant sid severaty affect 
the: maximum g adient the vehicles can encounter. ~ 

It 4s our opinion then, when weighing the advantages. agataat the dis~ 

advantages, that thi's. concept i's infeasible with respect to its: 

present application. Other similar applications might exist, however, 

_tohere:the span and load conditions are reduced, and the rigid deck 

requirement is Fémoved. Thi's would? then. allow the structure to be 

much more flexible and easier to handle, along with. being able to 

' store the unit in a more ‘compact area. 

REFINED DESIGN: ANALYSIS FOR CONCEPT HO.10 

Compréssion Deck with Inflated Bladder 

Since it fs mandatory. to use the typeof deck that exists on the present 

‘bow ramp, we investigated the possibility of using this aluninun grating 

as the structural) member to carry the compression force due to bending. 

‘Moment. in turn, as noted in the preliminary design, a series of cables 

forming & sling will carry the tension loads: created by the bending 

moment and inflation pressure. The inflated bladder will tension out 


and hold the cables in position, while the fabric webs will transmit 


the shear loads along the ram. 


Figures Ts 8,. 9,, and 10 show general conceptual views and setal ss and: 


wit ‘be referred, to in later text. The: ‘method of operation proposed for 
this ‘concept is similar to that being. used for: the existing rims The 
rasp wit be attached ‘to the. ship with: a. ‘kingpin connaction. witch wit 
alow for. the Fotational requirements; white the derrick anid. winch 


system will be used to deploy and retract the inflatable rasp. The | 
rip itself will be inflated and: deflated:on the main deck Tevels the © ob 
design ‘calculations start on Page 0:23, anda brief swwary of the r 
design procedure. and theory follows. 

Investigating the: structural: properties: of the existing deck, and. a 


assuming that the deck i's fully supported in the longi tudinal direction 


{ 
to the:fabric bladder, and that the compressive force ts. distributed 
‘over the width, (16 feet) of the grating, it was di scovered that the. : 
deck is: capable of supporting an allowable Compressive load of 

1,592,500 pounds. Further evaluation. also indicated that under the 

tank loading, the deck is capable of distributing. the track pressure 

equally across the width of ‘the ramp. The effects of wheel loadings 

on: the desk were also investigated, and the deck again. was found sat- 

isfactory ‘to distribute the wheel. Toads over an area equal ly equivalent 

to or better than the area of contact created by tack Teading. Upon l 


this basis, it was concluded that an inflation pressure of 3.6 psi 
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{required to support tank loading) would be required to resist local Po 

huckling or severe deflection under the tracks. [t should be noted 3 
_ this design oressure is a Little conservative, since the area of a 
ez 

contact was considered to ‘be the width of the deck by the length of o 

the track. Actually, the deck will. distribute the load in the ; 

‘ : : i 
longitudinal direction something greater than the track length, as a 

. ve 
well as across. the ramo. Bes 

. w 


The actual theory of how the stresses are distriouted in the structure 


‘ 
Soa Bi 


js outlined on Pages & 27 and D 28 Besically, pecause of the parabolic 


te 
av 


- — shape of the cable band, the inflation pressure: creates a tensile load 


tees 


vow 


fl _alorig the cables, which in turn transmit a compressive load to the 


rong 


deck. The stresses due tu bending moment then are Simply determined 


x 


F i: 
ny conputing the monent at any point as. the load moves along the ramp z 
9 
% 
G and dividing by the Jepth of the section at that point. The summation Soe 
§ : of these stresses chia. to inflation pressure and bending moment then i 
, Gictete the maxim compressive and ‘tensile loads in the structure. . 
q “newiny tue sllowable compressive stress that the deck is capable of | : 
a supporting, along with the inflation pressure of 3.6 psi, it was found ; 
J what a minimus deptn of 12 inches at mid-span is required. For a j 
q ~ sligut cushion, the design depth at mid-span vas considered to be 
| i3u inches. , 
] i Sased on this depth (130 inches), and a span of 1)0 feet, a computer 
q : print out on Page 0 3] shows. the total compressive and tensile loads oo 
i on the structure as a 60 ton tank moves along. A brief summary of : | 
one 


i. 
: « . id . 
stresses is shown on Page 0 32 and, with 16 cables spaced at 12-inch 


: centers, } 7/16 inch diameter, Class A, Bridge Strand Stainless Steel 
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Cebles are required, These cables in turn are attached to a bulkhead 
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at esch ant of the ramp which transfers.the load into the deck {see 


2 


- - Fiqures 7 thru 10). 
The febric stresses ‘in the ouser skin of the inflatable bladder are 
simoly a function of inflation pressure, and the theory.-of ‘hoop 
tension applies. That is, the fabric stress is a function of 
inflation pressure and radius of curvature. On. this basis then $ 
' (reference Page D 37), it was found. that the maxi mum fabric stress : 
jn the side and bottom closures is 255.7 pounds per inch. and, with a 
factor of saféty of three, the required fabric strength is 707 pounds 
per inch. 
The analysis of the shear distribution along the ramp is similar to 
that in the dual-wal.l besa, The webs transfer the shear force between 
the cables which are in ‘tension, and the deck that is in compression. 
lt is assumed that by using a two-ply bias web fabric, the stresses 
will be transferred along a: 45° line. Using this concept, .and 
assuming that the minimum depth of section that is required ‘to trans~ 
mit the full shear load is 52 inches deep (see Page D’ 38), it was 
Pound that the actual stress. in the straight ply due to inflation 


pressure Was 43,3 pounds per inch, and that the stress. in the bias ’ 


oly due to shear was 110.5 pounds per inch. applying a factor of 
sofety of three, the required strength in the straight ply ¥s 130 


— pounds, per inch and 332 pounds per inch in the bias ply. : 


Further discussion on fabric types most suitable to meet these 


requirements will be outlined later in this section 


= ae 
Hofiection under load is another jason vane design considered, arid . 
anain it is difficult to arrive at an exact theoretical solution (see 
sopendix F). Based on the assumption that the fabric portion of the - 
raup does very: little to influence deflection, basic elastic beain 
theory was applied, and it was determined thet sinioeinacely at 1/2 
inch deflection could be expected under thé 60 ton tan) loading. 
Exactly how. realistic these valucs are is di®ficult ty assess at this 
time. 

Because of areas of uncertainty in the design, specifically, the actual 
Jistribution of the shear forces and the ceitection, a 1/10th scale 
odel of the concept was constructed and te.ted. Design notes on séaling 
down the various parameters are shown in Appendix E. 

ate optimua load For the model will consist of a 1200-pound Joad distributed 
over an area 19 1/4 by 17 1/2 inches. The inflation pressure fequired. 

to resist this load is 3.6 psi. These conditions then, would simulate 

tim: agtual full size bow ramp under a 60-ton tank loading. 

Tne test model, see photos 5 and 6, was constructed of two ply, light+ 
weight fabric wictin sixteen 1/8 inch diameter coated cables, which were 
.onted to the webs (see detail B, Figure 10). These cables were in turn 
ittached behind the bulkhead to the deck. The deck in the model was 
constructed of 6UG1-Té aluminum, 1/16" thick, vhich again simulated the 
.lJowable compressive stress of the full scale deck. The deck in the 

model Jia not have the transverse rigidity that the bars create in the 


vcturl full size decking, however; therefore, a frame was constructed 


to distribute the Toad across the width of the ramp when under test. 
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a ©... Updis zurining the test and loading the model ‘under different. loads for 
f , increasing: pressures, the following results: were obtained, See Figures 


NTA AG nr 
ie 


34 and 12, In ail cases investigated for varying inflation pressures, 


a “ - the aédel. was able to support a. load in excess of the ‘theoretical design 
load. > Since. the node! was onty: tested ip to £5 ‘pst, a projected curve 
indicates ‘that: ‘under 3-6 pst: ‘the. model wilt easily support the 1200- 


: oe : 
bi 


ee a te potin load on Figure Thee 
Deflection of the model under various Joads. and: inflation pressures was ; 


| also recorded. Figure 12 shows ‘the maxiinum defléction of the betton 


side of the wodei. with the maximan desi gn load at -midspan. Again. project- 
Ang this. curve indicates that under an infiation ‘prossure of 306 pst and 


. the load of 1200 pounds, an: athicipated: deflsttion would:ba 1.3 inches. 
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It Was also: observed that when the ramp was overloaded, ‘local failure or 


buckling of the deck in the famediate area.of thé load was. created. 
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When the. load Was. removed, the deck sprang: back to its original position 


wi tiene apparent. damage to the structure. 

Relating the information gathered from the scale model back to the full 

size infjatable ramp, it was concluded that the. theory used to analyze 

4 : the structure, as far as load-carrying capacity was concerned). is. 
conservative and correct. Tha: maximum deflection to be. anticipated on 
the inflatable ‘bow ramp when under the 60-ton tank loading, ‘however, is 
approxinately 13-inchess This does not agree with the elastic. beam: 

. : theery «used earlier which indicated a 1 1/2 inch deflection. The 

difference here might be explained by the fact that elastic beam theory 

excludes shear deflection from its equations: Extensive discussion 


on bending or elastic deflection versus shear deflection is noted in 


feat mane ee Rae oe 


Appendix F, In any event, the value of 13 inches fails between the 


values obte ted from elastic theory and the value obtained by the shear 


deflection equations. 
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Since Conenpt iiss. 18; From a design point of Views, apneers to bé 2 
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Bsalyles sone further: discussion on fabric types and pressurization te 
Ageia that nieet the ‘requirements * is necessary. B 

Fabri¢ Sélection Ss mS ae - Ee 

“The selection. of 2 coated fabric composite is dependent on marty criteria, : . ke 
The most ampor sant OF these are breaking strength, tear’ resiistancé, : ae 


see te Tdines sea water Pes tstence, and maximum retention of properties 
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_over extended periods of use and/or storage. Tne selection OF Concept : -— 
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“and exotic’ bers required. to. fulfil the unusual ly high strength requite- _ 
“meats of the other preliminary “sneestual designs. . J 
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The ultimate coated ‘fabric chose is identified by Birdsirts dégignation: 
anise for the webs, and 2N14N58 for oe ‘Side and bottom closurés, The 
First digit ‘indicates that the ceioaite. is made of two piies. of coated 
fabric, in this.-case oné is placed at a ‘45° bias to ihe straight ply (in 
_the case of a single ply material the first digit is not used). The 
second digit indicates the base fabric used (e.g., N = nylon). The 
next digit(s) is the weight of the uncoated fabric in ozs/sq. yd. The 
next digit is the coating (e.ge, N = Neoprene; H = Hypalon; ¥ = Vinyl). 
The next digit(s) is the total coated weight of the composite (in. . 


02./sqs. yds). 


The type of fiber selected is determined by the properties of the fabri- 
cated end item. Natural fibers (cotton, wool) are not considered 

because of their very low strength and poor wet properties. There are 1. 
many synthet?cs to choose from: polyamide (commonly known as nylon) and 


polyester (typically, Dacron, Trevira, Diolen) being the strongest, ; 
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Their availability in continuous FHlamait also. is, in their favor. 
Fiberglass, especially the more flexible butacglass fiber, is also a 
possible choice. Nylon was ‘chosen primarily: because of its ready 
availability. in-theweight range desired, coat, and. sati'sfactory past 
performance. Tables 1, 2; 3, and 4 at-the end of this. séetion. describe 
the- properties and: construction of this § oz./sq. yds and: 14. o2./8q. yd. 
nylon fabric. 
The neoprene coating: selected was ‘chosen ‘from those most commonly. used 
in coated: Fabric composites used. in. inflatables, specifically urethane. 
(poly=), vinyl (polyviny! chloride), Hypalon. (chilorosul finated 
polyethylene) and neoprene, Urethane coatings with the correct balance 
of properties are used. in life. rafts, vests, and emergency slides. 
They exhibit wicel Vent, aitchelding properties. but are typically used 
4n. very. thin: film (approximately 0.001 in. thick) type coatings on fine 
lightweight fabrics. Actually, thicker films ag dictated by the end 
use réquirements and use ona ‘heavier base. fabric would (1): be 
excessive in cost and (2) tend to degrade because of ‘their thicker 
cross=sections 


Vinyls provide a good balance of properties with their ease of fabri- 


cation aid low cost being the major considerations. These are the main. 


reasons this material Js used in: thousands of commercial air-stipported 
structures (swimming pool enclosures, tennis court covers, warehouses, 
fieldhouses, etc.). However, vinyl does -not lend: itself to. two-plying, 
mentioned earlier and described more fully later on in this section, 
and: its abrasion resistance, though good, is second to the elastomers 


mentioned in the next two paragraphs. 
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~ypaton (ehlgras uifin inated-potyethylene) offers the best combination of 


“properties for this application, Detrimentat. factors ares (1), high | 


Appt ae ng at tt ttn nt ate 
s : . 


% ‘thet of coated fabric. due to difficult coating process, (2) difficulty 
in fabrietion, and (3) stiffness of .énd product. 

As. stated previously,. neoprene: (2NSN4D and. 2NI4N58) are the current 
choices, They lié somewhere between yinyl and Hypalon in all properties 
and yet offer outstanding: performance thraugh a wide température -range.. 
They allow two-plying and though seaming is not easy, by the same token 
it fs not excessively difficult, producing breaking strengths equivalent 
- ACFOSS @ seam at a minimum equal’ to. the. strength of the base fabric 
itself, 

Two-plying has been mentionéd several times.. Essentially, this involves 
‘bonding of layers of fabric together. Sometimes, as in the case of two 
straight plies, this i's done to incréase. the tensile strength of the 
composite twofold over a single ply of fabric. For this project, one 
layer is laid and bonded at an angle of 45° to another straight ply. 
abile increasing the strefgth slightly, it offers the optimum of resist» 
ance to tear propagation in. the event the unit is punctured. This is 
due to the bias ply stretching around the puncture and allowing the 
stresses to distribute themselves around the hole. Typically, tear : 
resistance as tested oy the trapezoidal tear test method are in excess 
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BIRDAIR STRUCTURES, ING 
_ PRODUCT SPECIFICATION RECORD 


PURCHASE ‘SPECIFICATION - 


_Eozebsan ye 1vt0N Fase 


West Point<Pepperell SN 520, -or equivalent 
Type: Filament Nylon 


Weight: a“ 5 02./sqe yd. 


Thread Count: 22 x 22 1/2 ee 
, Yarn. tumberss 840/1 

Weave: Plain 

Grab tensile (nowiniat)* 40 x 430 


Gauge (approx. }: 0013 P 
_— 


Finish: Scoured and: heat set in tenter frame 
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‘BIRDAIR STRUCTURES, INC 
PRODUCT SPECIFICATION. RECORD 


‘[SPEC.NO. 
b 2NSiuu2 


= i “lsat OF 1 


Semmemenenaaed 


1 
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‘ 
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BE 


“TREV.DATE. 


COATED FRURIC 


| The fabric shall bé coated’ to provide a ‘black, non-staining,cementable, soft and-pliable 


“coated fabric base, coated for high adhesion. The two ply, 45° bias material shall be ‘ 
overlapped as required to-develop fuil strength of -the base fabric across the bias seam. 
Distance between bias lap centers must be held uniform within £2 inches. No 
accumilation is allowed. 


| PROPERTIES REQUIREMENT © TEST HETHOD 
Coatéd weight, oz./sqe yde G2 +3 Birdair LP-60 
-0 Feds. Std. 191, Mtd: 504] 
‘Coating vistribution, cz./sqe yd. 20-85-14, 
Gauge (approxs), in. f 0.034 
“Coating adhesion, Ibs-/ine 10-Hin. Birdair LP~62. 


Fed... Std j’9I ’ ntd §970- 


Ply Adhesion, Ibs./in. 10° Min. Birdair. LP-63 
Fed. Std. 191, Mtd 5950- 


‘Strip Tensile, Warp -& Fill, Ibs./in. 300: Min. Birdair LP+51 
i Fed. Std. 191, Mtd 5102 


+ ne me eens 


Elongation, 24 hrs., % W ~ $,0-Max. Birdair LP~59 
© 30 Ibs,/in. load. F 630 Maxs. 
|’ Trapezoidal Teéar,. «-& F, Ibs. 209 ‘Min. Birdair LP. 54 i 
i rh Fed. Std: 191, td 5136 | 
‘ Dead Load, T in. wide, | 1/2 Jap joint ; 
150 Ibs. W& F at RaTo:. hrs. 4. Minimum Birdair LP-56 
75 Ibs. W& F at 160° F., hrs. &.Mininiun Birdair LP-57 
Hy0 absorption, 4 6 Max. ‘Birdair “LP-66 


* OTHER RECUIRENENTS, | 
Surface to be essentially dust freé to Facilitate cementability. If dust is used; 


it is to be a.25/75 mixture of talc and zinc stearate. 

Staining is evaluated by painting with 0.003 in. of white Radalon:paint. Painted surfac 
is exposed for 48 hrs., © inches from Ho. RS-276W GE. sunlamp. Color should not be 
darker than:Feds. Std. Ho. 595, Color No. 37778. 

This material jis to be uniformly coated with flat and smooth surfaces, free from stains, 
bare spots, or other defects that would impair physical strength or weatherabi lity. 
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__. BIRDAIR. STRUCTURES, INC 
‘PRODUCT SPECIFICATION RECORD 


“PURCHASE SPECIFICATION = CH 


fSPECNG. ~~ COT REV] 
HIG 


ale a2./sqsiyde NYLON FABRIC 
“TENS TOMES 


1 10/1/71. 


*StyTes - Je Pe Stevens Style 38601, of equivalent 


: | “Type: Filament Nylon. 
Weight: . 14 oz./sq. yds 
| thread Counts | 43 x 42 


| Yarniumberst 840/1 
Weave’ wo Plain 


+ Steip Tensite (nominal): 625 x 525 
ek Gauge: (aparox.)+ 0.024 


: es , | Finish . ; Scoured and heat set in tenter frame. 
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a - BiROAIR StaUTURES ASE 


cra -PRODUST SOECIRICATI 196 RECORD 4 
si: = Pies = ee See? TS ae 
pentose RECA F TAT SR Sen a 4 
aes +s SseCT — emer ee ee 
ee z PLY, MEQPRENEAcHSTED HL I PLY; Ree ‘BIAS ae 
ER ae = “ENG TS “WEE OT "OTHER TR SSA “SUE 
JER! : Pte : me 48 Hi AMY. 


ae [2aaie 7 iss Sppoligmttist TaanuFacturae Ss SS T ‘ply: Ts? Thal ‘GF 
} %5-G2./s06. Foes woven: nylon fabric ceated with a‘black, nonestainiag;- “cement : 
able, soft and.plfable neoprene <compound-to « total wei ght of 58 ozs /sqe. ¥d, - 
|: neoprene” coating is” “nanufactured to-provide goed. i joint strength; Flexi bidity, ‘Jew: RE. , 
138 Joss, waxjmuan retention of physical pronersies: and 60d; nueathar citi ity. The: two ply- 
Ve 


45° bias materjal is overlapped: aS requiréd to develop full “Strength-of the: ‘base: fabric - 


sO across the-bias seam. The Tedlar: ‘PVE fi im is used: ‘toxprolong the useful: life. of the 
ae iad [ niegpFcne-coated fabric and. to- promote water. runoff during rainfall. 
aa ROPERTI ES: ; | Reguuenetr TEST METHOD: ; 
. J yee abe : meat Set orgs ren BSP 
: ee re - Peas (approxe)y. ‘ins - ae: oi rs 
os ae Aa Strip Tensile, lbs./ines. Warp & Fill 800 mine, _Birdair LP Ps%, 51a 
By anes " Coatingzadhesion, try-§ Wet, 1bs./itic. 15- Birdair LP~62. 
Papen SE F a ca. = nS FelotteSs 193% . 
oe pa ae 7m - n Htde 5970 
* : aa: Ply Adhesion,, Tbs. fins AS mins Birdair Lp-63 
° Pe ee ; ’ _ -FsTotss. 191, 
aed aa : 7 NY - =< : " ° td. $950. 
eye 4." ty j 
: eis 24 brse, % W: 5 max. Bi rdait r LP=59. 
(G50 Tos./ins. oad) F 8 max. 
>" | Eespezoidal. Tear, W& F, Ibs. 250‘mitte Birdair LP~54 i 
; FeToMeSe 191 
td. 5Y36 
"Water Absorption, % ; 1.5 -max. Birdair LP-~66 | 
“Dead Load, Line wide, 2 3/4 in. lap joint 
400 dbs. W&F at RT, hrs & minimum Birdair LP-56 
200 ‘ibs. W& F at 160°-F., hrs. & minimum - Birdair LP-57 
Cold: Elexibs lit ; No: cracks Birdair -LP~68 
ff  °(180° over 1/8" diameter rod evident 
: at ~/wu°? F.) under ‘5X 
‘magni fication 
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“The inflation system for the ramp of “fsncept 10 will require a blower 


capable of producing a relatively large volume of air at the necessary 
pressures Séveral fans can. be immediately: discarded as. not suited. The 
propeller and: axial type fans are incapable of the required :pressurés. 
Centrifugal fans of the vestilation type are also incapable of the 

The. nositive displatement class of air handiing machines in general do 
hot produce suitable volumes. 


3 blower sufted to the inflation requirements is a centrifugal, multi- 


stage blower employing :backward curved, forward curved wheels, or 


combinations of these wheels. The blower can be assembled with the 
proper sélection-of wheel's to match the performance requirements quite 
closely. 

The characteristics of performance with respect to overload tendencies, 
stability, etc. afe determined by the necessary. wheel comdinacion. For 
purposes of this investigation, a Hoffman blower, Model 338404, has been 
selected, This unit requires 60 HP input at 3000 cfm. 

As pointed out, the actual characteristics of the machine are dictated 
‘“y the combination of forward and backward. curved wheels required. The 
use of all backward curved wheels will result in self-limiting load 
characteristics. Aji forward curved wheels will not be load limiting. 


In each case the stability characteristics of pressure delivery at the 


low Flow level must be determined after the unit is assembled. 
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Control of the inflation system is relatively simole,; consisting of a 
motor starting device, pressure indicator, .and any necessary duct 
réstrictors, as determined by the blower characteristics. The :blower 
will operate continuously for the time the ramp is in-use. 

ft should be ‘noted: that the volume -requirement can change rapidly as 
in the case of projectile puncture, and: that greater volume from the 


‘maity inflation system would be required to maintain: operable pressures. 


fa 


Therefore, an equivalent secondary blowér would be desirable for 
emergency standby service. The ship air system is not suitable as an 
seks .. inflation source because of the very limited volume available. 


i t 
1g The manifold ducting. for inflation purposés can also be used for 


deflation of the ram. it is assumed at this time that a manual. exchangé 
a. : ‘of ducts would be made. to interchange the intake and- discharge 
connections ‘to the inflatable. 

Blower siz Ze. 4 
The flow capacity nésessary to satisfy the 10 minute requirement can be 


determined, -assuming. 65%.of the inflation period wi}l be used to filT 


2 ‘pressurizing. the unit. 


wl = CFM ‘ 


“CFM = Hee ee “ 
10.65) 
“CFM = 2762 | 
Because of the pessibility of overload characteristics, a restricting 


orfice will be assuined in the duct system. The diameter of the orifice 


2 

the cell with air and the remaining 35% of the time is allowed for 
* 
i 
i 
{ 
a ae I 
is determined for the free Flow condition, or when the entire blower f 
rs } 


36 
pressure output fs across the orifice. This condition exists during 
the. filling period. 

O, = Orifice. diameter 


Q = Flow CFM 


K = .6 
J | ‘h * pressure" 4,0 
a = 4.59, use 4.625" € = density of air 
. A Siower capable of 3.6. psig and 2800 cfm is shown on the following 
| ES ; sheets (Figures 13 and 14). 
4 : § _ ‘The time required for inflation can: be estimated using successive 
- ‘ucbuamite of pressure from 0 psig to full inflation ‘Of 306: psig. 
q ] The example of calculating the required time for inflation is show in 
, Appendix Ge 
- The time necessary to inflate the cell from flat toa fully pressurized 
.. a condition can be estimated by obtaining the time required by the blower 
q f to supply the air necessary to fill and then pressurize the cel}: over 
@ a finite préssure increase. This time was found to be 9.2 mins 
a A The total weight of air required to fill and pressurize the rainy iss. 
; ; ; We py W = weight of air in pounds | 
UH a P = absolute. pressure psf 
? : V. = Volume of the inflatable 
e : R = gas constant ~ air = 53.3 
oe T = temperature °R 
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- x 
234.00R STRIPS | ALONG 
EXTIRE LERZTH OF 
RGTH Skat CF BASE 
SOYES: 


$. UIT SHAY SIZE @ 7/3 OIA. 
SfO-0% SPIG KW. 


URIT COSMEGTIONS (INLET & OUTLET) 
8 1.0., 18 1/2 9.0., af% = 10 
TAP D-HOLES.24 ff = $/8 8.C, 
STRADELING #98. 


PVDIKEHSIGK BASED OF COUPLING 
WITH (f8 ese. 
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PEDESYAL 13 WELDED TO BASE. 


FOR-NOVOR FRAWE SIZES HOT LISTED 
CONSULT HOHE OFFICE. 


FIGURE 13 F 


HOFEMAN AIR & FILTRATION. Biv. 
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" CONCLUDING REMARKS 


To analyze the sveral} feasibility of Concept No. 10. the advantages 

and disadvantages of the concept are listed below with specific 

reference to the design parameters. 

Advantages 

: 1. Fabric strengths required can be handled with fabric types that 

are presently available and within the proper limits of es 
ability and handling. 

2.. Pressurization requirements are well within the range of systems 


available to meet these requirements. 


3. The cellular construction created by the webs enables the system 


to be comartmentized. That is, if danage occurs in-one area, 


only that cell will be affected, and the remaining ones wilt 
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4, The deck material, while performing a structural function in the 


system, will also satisfy the rigid requirements for the effects 
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of traction under track and wheel loading. 


5. The maximum deflection under a 60-ton tank leading falls within 


es penne 


allowable limits and will not increase the gradient significantly. 
6 When the inflatable remo is stowed on the main deck, it will eceupy 
an area approximately 110 ft. long, 18 ft. wide, and 2 ft. high. 
}t can be easily anchored for the effects of graen seas. 
7. The size of the inflation blowers required are rather smal? 
(84" Lx 38" Wx 47H) and can be stewed in a compact Jocation. 
8 The system does not require intermediate support meshaniams, 


enabling the inflatabic ram to assume various angles of 


inclination. 
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3. ¥shicle clearance at transition areas on each end of the ramp 
appears te ke satisfactory. 

‘We Ths total weight of she inflatable raep is 20.7 short tons, compared 
te 3608 short tos 18 the existing ram, which Is effecting 43% 
wetght: reduction in ramp structure. 

Disadvantages : 

}. Tha method of operation required te deoloy and retract the inflatable 
bow ramp is basically the same as the method used on the existing 
bow Pam. The main calis of the ramp must, however, be inflated 
and deflated when resting on the deck lavel of the ship. Handling 
prior to this operation wil} severely damage the structure because 
of its lack of stiffness. The side closure panels must be inflated 
and deflated when in the extended position because of clearance 
prebiams when retracting the ramp between the derricks of the ship 
(see Figure 4). These requircuante, however, pose no serious 
problems, other than a nuisance in the cycle of operation, 

2. The sliding of the inflatable ramp along tha ship's deck when being 
deployed or retracted could cause severe abrasion to the fabric 
belly. Possibly a sliding mechanism could be placed under the 
belly of the rem when being winched along the ship's main deck. 

3. The method of attaching the inflateble ram to the ship would be 
similar to the mothod presently used. This idea is relatively 
sicpie and allows the rerp to accommodate the various rotational 


angles that are required. 
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+. Tre one design parameter that requires nevative buoyancy of the 
extended end in 4 ft. of water with 5 ft. breaking waves and 30- 
knot winds acting on the structure is difficult to attain 
(uegative buoyancy not required whan using the causeway). Since 
the structure wants to float, it is necessary to actually anchor 
the end sev when tkere ¥s no load on the ramp. As the vehicles 
approach the extended end, they will in turn sink the ramp to the 
bottom. 

1t is our opinion then, after reviewing the advantages and dis- 

advantages of Concept No. 10, that from a design point of view, the 

idea of creating an inflatable ramp which will span 110 feet and 

carry a 60~ton load is feasible. The method of attaching the inflat- 

able rame to the ship and operating the ramp does present some 

problems, however. 

in complying with the contractual requirements, a preliminary cost 


and time schedule was developed for Concept No. 10. See Tables 5 


and 6 on she following pages. 
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FORM NO. PC BIRDAR STRUCTURES, INC. ia 
COST/PRICE BREAKDOWN 


CUSTOMER —HaS._Havy___.____________ DATE wfia/fas EST. BY _22 
DESCRIPTION Boy BUD MANURE ACTUS 20 


RFQ. OR BWG. NO. eee Reeetes i 


DIRECT Exc. fpatel xu | i Neate | mel Cost Tratel sui] 
PRINCIPAL ENG. | ee Le =| 
‘PROJECT ENG. 


ra 


ol i265 | | 
DRAFTING | 505 | 7700} Ce a ~ Hf 
QUAL, ASSURANCE ae 120 630 ae 


| 

ne 

SUB-TOTAL = 

0.1, @ ? os eee ae 
DIRECT MFG. a ei eee 

fea 

ae 


ENG. TECH. ice sna l x 


SHOP -90| 6000! - 23,400 
LAB ‘830 
SUB~TOTAL 46,565 
OH. @ 200 % |_| 93,330 | 


"MATERIALS & PURCH., "PARTS. 86,000 


OTHER DIRECT CHARGES 
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GENERAL CONCLUSION - 


In complying with the design paysmeters that were outlined at the 


beginaing | of the: weport, ten conceptual configurations of an inflatable 


bow ramp were developed, ih two sf the contapts undergoing a refined 
and Mrs détatied detign analysis. 

Mith reference % Figures 3, all of the concepts except Kos. 2 and 20 
ware dreppsd from further desion anaiysis and constdsred infaasible 


for tha reasons listad gar tier in the vepért. Conec : Hos. 2 and 10 


waderwent a refined design analysis and their feasibility was evaluated 


by Hstiag the advantages and disadvantages of each. 


As noted on Page 25, after reviewing the advantages and disadvantages 
of Concept 2, it is our opinion that this concept (dual-wall bean with 
supports) is infeasible-with raspect to its présent application. tf, 
however, shorter spans with reduced loads ware censidered, this concept 
might prove to be vary feasiblas. 

Upon reviewing the advantages and disadvantages of Concept fo. 19 
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concept doos have some possibilities. From a destun point of view, the 
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ram system which will carry tha Gd~eton load over the 110 ft. span. 

It shouid also be noted that this concept allows 2 43% savings in 
weight over the existing ram. The feasibility of this concept was 
further strengthened by buliding end testing a 1/10th acale model which 
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The method of attaching this concept to the ship and operating the — 
inflatable ramp, although not infeasible, does present sume problens. 
The metheds recommended for attacking and operating the inflatable 
ramp are similar to that used on the existing bow ramp. 

Therefore, it 1s cur opinion that from an. operational paint of view, 
Concept No. 10 is inpractical in that no improvemsnts or gavenvanes 
ever and above the methods being used to deploy aps retract the 
existing bow ramp are evident. Possibly, further study in this area 
will create new and easier operational techniques, - 

if, hovever, easier operational techniques were deyeloped, it would 


be feasible to develop an inflatable bow ramp similar ta Concept 


Hoe 10 which will support a 60-ton Toad moving over a 110 ft. “Spane 


+s 


6. 


10, 


73 


20 FY. INFLATED BRIDGE, DES{GN, CONSTRUCTION, AND TESTS* 
feport res. 48,2/1, by P. S. Bulson and D. Perkins, 
Hilttary Engineering Experimental Establishment, ~- 
Christchurch; Hampshire, England (May 1965) 


WSTRUCTURSL BEHAVIOUR OF A 30 FT. SPAN INFLATED BRIDGE" (5-7) 
by P. S. Bulson, IASS Pacific Symposium--Part 11 on Tension 
Structures and Space Frames, Uctober 17-23, 1971, 

Tokyo and Kyoto 


MOmMETER LHELATED FABRIC BRIDGE 

Report Res. 4u.2/8 by F. J. H. Tutt, 0. Perkins, 
ilitary Vehicles and Engineering Establishment, 
Christchurch, Hampshire, England (March 1972) 


NA SURVEY OF INFLATION REGUIREMENTS AND METHODS FOR INFLATABLE 
STRUCTURES" 

Report Res. 46.2/6 by Military Vehicles and Engineering Establishment, 
Christchurch, Hampshire, England (January 1471) 


‘ha LINEAR THEORY FOR LHFLATABLE PLATES OF ARBITRARY SHAPE! 
itASA Technical Hote 0-930 by H. G. McComb, Jr., 
Langley Research Center, Langley Field, Va. (October 1961) 


NEXPERIMENTAL AND THEORETICAL DEFLECTIONS anD NATURAL FREQUENCIES 
OF afl INFLATABLE FABRIC PLATE" 

WASA Technical Note 0-931 by Jefferson stroud, 

Langley Research Center, Langley Field, Va. (Ucteber 1961) 


NWAHALYS|s OF JHFLATED RE-EUTRY AD SPACE STRUCTURES" 
by R. Ws Leonard, ile Ge tcComb, Jr., WFLA Langtey Research Center, 
Lanaley Field, Va. 


“STRUCTURAL CONSIDERATIONS OF IHFLATABLE RE-ENTRY VEHICLES" 
NASA Technical Note 0-457 hy R. We Leonard, G. W. Brooks, 
He Ge KeComb, Jr., Langley Research Center, 

Langley Field, Va. (April 1960) ‘ 


BENDLIG STIFFNESS OF AN INFLATED CYLIWDRICAL CANTILEVER BEAK" 
by William J. Douglas, copy from AIAA Journa}, Vol. 7, Now 7s 
July 1969 


“LARGE DEFLECTIONS OF CIRCULAR ALR MAT PLATES" 
fw Charles H. Haight, copy from AIAA Journal, Vol. 7, Now 3 


44 


REF HHENCKS ' 


bt. UNea BEPLECTIO, o ASD etCKLENG CHARACTEV I STICS OF TRFLATED HEMBERS" 
by A. 0. Topping, Goodyear Aerospace Corporation, 
Copy from J. Aircraft, Vol. 1, Ne. 5, September~October 1964 


ce “BUCKLING RESISTANCE OF INFLATED CYLINDERS {8 BENDING" 
GER-13015 by A. D. Topping, Goodyear Aerospace Corporation 
< (March 1967) 


13. “THE WRINKLING AND COLLAPSE JN PURE BENDING OF AN INFLATED } 
FABRIC CYLINDER’, GER~7172 
by A. De Topping, Goodyear Aerospace Corporation (December 1955) eal 

¥ 
i 


14, “DESIGN DATA BOOK FOR CIVIL ENGINEERS" 7 i 
Elwyn Es Seelye, Volume ilo. 1, Wiley and o..is, 1960 (Third Edition) f 


15. STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES" 
émerican Association of State Highway Officials, 
Ninth Edition 1965 


16. "MANUAL OF STEEL CONSTRUCTION" 
American Institute of Steel Construction, 
Seventh Edition 1970 


17. “ERGINEERING DESTGH!! 
Joseph H. Faupel, Wiley and Sons, 1964 - 


Toe EVALUATION OF MO-iAT GROUND COVER FOR USE IN ARMY DEPOT ¢ 
OPEN-STORAGE AREAS" 
by H. L. Green and C. J. Gerard, Paper No. S+69~5, 
U.S. Army Engineer Waterways exper svelte Station, 
Corps of Engineers 


19, UFRANES AND ARCHES" 
Leontovich, icGraw Hill, 1959 


tig “OPTIMUM STIFFHESS [INFLATED MATTRESS BEANS!! 
J, Webb, Cotlege of Aeronautics, nates 
Dept. of Aircraft Design (England), September 1969 


oY 


ONES 


J 


APPENDIX—A 


“~ 


MOMENT 


ee eee ee a 


Saber er gnc Rass ati 


CALCULATIONS 


we ae ss 


Ge te ney ee 


ev amakgamrows we ee 


‘<a 


tates 


eat 


ar eo cielcmmadl cecil at 


nt 7 - 
See here Eads ade hak en racine eae 


ay 
i 


fore Nevin tard ger Siclaee nn ae Sevacei oy a le eee at LT “ 


pice 


tore 


ter. 


Jnvespieaze  GaNbile Stardenz As Loan Mavis 


ACROSS THE RAMP. 


oreny- (AX) = “ge = PF7_ :. 
CA 7 o foao) 


si ce ule 4i=ab 
cf fF / 2 OF 
4 re) / -S6 
3 a / -2/ 
4 6 / 24 
4 Le / 29 


ConsieER GOTO FAN peving Alone RAMP! 
L=HOF7. = 13222 N. - P= (20,000 485. 


PR ALONG RAMP 


cs Be A= PK, 2110-5.) 
H' OF /4, 22,900 

22° 16 . 25,264, 000 

Jz! -2/ 33, 264,000 

44’ - 12d 58, 214,000 

SS 2s I? 09,000 


Since MANY VEHICLES HAVE A WEIGHT OF AROUND 


O3,900 4@c., THE la ieee i (/ BENDING PROPYCED BY 

piese® veweles js Te OF zHE MeMmeNnT BASED of 
29008 42 L£0AP 

JHE 1/29 a 


awe Oe 


/wvesriaate. AAS Ho. ft ZO LoapiNg For 
MALUMAOR BEKMDINMG MOMENT. 


CLOAD “WEORMATION REFERENCED FRM “STAMBARD 
“Gpecipreaziods por flréenway Etivées, AASHS — 
Nigh. Erie (94%, PAR. 1.2.5) 
3s PF 18,000L85. (For Homan) t# 


ca a= b oo 
| Ww Gfo tase os Loar Laur mh 


00 es 


ee eee 


H20-44 ITP, LOADING 
H820-G4§ vesisNapios/ 


* Spanpare leap Lae 1°¢7. wiek&. 
*# £4,000 48. CONCENTRATED LOAD FOE SHEAR. 


. 


Tome AP IAB A4 Cuan porrt) + A Tyros Collin RATER) 
_ WwkanlS P2A)C4) 

AT 433.) * Oo KEN a oa 
w= Cfo Lesfep, * 3.33 ex. 


ae A, 
2259 “ ‘ 


2 . 
se 4; ee os FIGL SO vera UN-L88, 
i OF. 4,/79, 20° 2, 138,000 4 31 CGO 
ze" -/6 Z430,000  $,G0%000 Mp 238,922 
53" .2/ J, 78}, 200 4,970,000 /4, 141, 900 
4¢' . 2d 1, {000 =, 704,200 4, 84G, 000 
5" 28 1,616,000 $942,000 = /7, $56,000 


en ee 
ry 


pi 


etree arnegg 


wee 


A ee ae Be 
Be Bes 
we ek ote 


2) Drs TRie~UzIop oF lCoapst 


veare: Saxe Berlonle CMorleny CREATEP 


‘BY FRAGCL , £9w Bey, BezkR comentarios, 


Fron Axil. Kear Aaa Rea Antal 
RAG Oe Tease | Talhah 
Wr. of Thdczor /o* 10.6 * 
Wy, o- Thkailee Fok jie 
Wy of Dore gs.6% 47.0" 
(B yo Kear arith) -- — 
Fore Jot 29 .a* $8.8" 
107, eo 
tof 39* $0.8" 
| ; ae x 


1 (Two Was Tne 26, ; 
a /67" SEF 


pees (ee ee a 


| (S wHeEL ranloarn) 


| 


Z: CCasE CENTER OF GRAVITY OF loAps: 


force (4) Lever Arwaly 
- #9 ; SE? 
ie SEG 


20, 73/ 


Ke Wogge = 19723" 


Momeny (kN) 
16,071 * 
$, 340 


ee ed 


20,731 


For MAKIMUM BENDING MEMENT y JHE CENJER LIME 
of HE RAMEE SHovie BE Mimsy GES WEEN THE 
CENTER OF GRAVIZY AND THE NEAREST CONCENTRATED 


LOAP, 


» 
ry 
€ 


eth Oo) oe AB 


tat A 
Arte OF ER et ee Reietrnrietinns 7A Rm Sree ment re amt in LARK ee 


wae ee 


a rN 


fio! x12 1320" 


Nore: CIAK. SHEAR 1 
a=. : f 
SHEAR O6CURES WITH LAREEST 
(xis) WHEEL LOAD AT sUuPPORT 


' 12.410, {| 


OMEN 
Vik 


eo 


¢ 


a ey AN we 


‘ # Nore ! Ff LOAD 1% CONSIDERED AS A Concenf Rape FORCE 
4 
AT PUBSPAM , CIAK: LEM 8 Pode Tf 78% 


PL SOR PEN 10/7:) 
44> gf = Cand Nt 2964 KtParT 


35.a@ x*/0 © seein. 


it 


a 


te a st j 
| DzERI VAT: 100/ OF Dusl Wath Eguarienws mii 


¥y a 
f, ( Tr ) (‘ST#ess 13 A foderrer? ar 
Joe BWyAlta fROn FAS . 
NEuTEAL ARS, 


Ne 


du= rde 


Mz y (WH) fF, dus = (I7)Ss cde y24,.de 


Ger cose 


2] 


WHERE } r 
f= paanic speess (G7 4, cos ode 


¥r 
2 
My = INCRIMIENTAL She [4 r*cos'ede 
MOMENT” 0 
7 
= rf [ cos “5 de 
0 


rs [hswe cose he] 
= rf [7] 


37/2 


Mr = poral RESISTIVE 
MOMENT 


Vad fea 7 
oe 
=(Ye)*k w/z 


_ F 9rts 
ee Doge 


fee fee CVRCELE Ce OR soy 2 pes) 


Lie? 2(- LB% ) 


w= Lets 


@ 


ee ened 


een S TS Rcree nearer 


8B-! 


£0)“ he Kf 
Mg £:(4r) 9 €rde) 


= £ytde 
Ge COS @ 
Gowle ceté) i= £ r*ces"ede 
setae acd 
Me= ots r? [Vesie £08 @ tte 0 J” 
Dhp-= Pier? | side cosa o of~ 
«= sn (He) on «= 208 (%) 
= Che LGN E) + al] 
Mz @£r?L[P¢r? sn (Yel 
(fee cal) p= 26 Lad + rsd (Ue) 


ae 

we fl gens 

3” @faéb tr snl CS) } 
B-2 . 


* 


Tovah Aesisjive: B&evorla TCAGNT = 


Ne WerRtZovszal REACTION 1 Wees? 

" G Ag4ax. BEN OWE! RESISTANCE AS Ade 
JRESSYRIZAFION PRETENS or! [8 CARRIER 
bY s&INIS Ar MAX. MOMIEDG OISTANCE. 
fROCD JHE NETRAC AXIS >) 


ye rexpreme piece Speess (285. /ert-) 


ss =e Je 
Tozal (4,7 N2k [aé te si {ill + wd? fs 
Vz cr Ne gd 
CenparR Seezior! Sipes 


Td fs 
fad = V26,lha? fe 0%, si (9)] # Z 
ae of 
2 EMER vay? 
¢ 4.> Wlkha t BD) aia)» OF CB 
CL 
Mr é 


4 Wla + (rh) sil Ur) ] +7 


rn inn mmm 
a Pea ate eee aN NOOO ae eaten Ne a 


Cort zaai sen PLATE THEORY USED 


Br THE PEARY AHO ENGINEERING Es ASLISHMEN; 
SF CHRIST-GHYREH, Enclano. 


(48FeR po Rep. N21) 


y 


: Basic fétar Feare Teorey " 


Assumprian: 
NESLECT EpfEcys of 
ms i WEBS 79 CALRY BEN YNG 


| | 
I od 


* 


a cee ae 
Tae Ge pees aay 


{ : > OMEN P> 
OH 74 x = igetsier ape 
; IMENT OF SSISPANCE- Fe SEN BIN, SS senos ere 
y “UP OF FWwe COKE PEWES LS bngpe Ss 5 - ie S eee a 
Rr ae - : en 
x Fear foe Ane Bograry. Pesz tas aa ad eee Sa Ge 
4 ; a So vba 
; - Str = £ x bad NRF Merger of Reds) sy anless 
a t a, © 7 f= STRESS. SIN BRIN PEL 


EAE! Ver OM or SERIE 


Lett, 
‘ 


a 


~ 


2} eee -cretodar ADGaS SOF SKIN 


{ ; Me fox dk Bhs dnt 7 2 


i 
¢ 
ODE pee ere ot ede 


08 Farag AG XESISTIVE rend eng” © x { ba rt Yy ) 


rae 


eo Sam 
t 


tc 


Goa AT Peare [PHEOR ¥3 


we 


erg 


wrea le aot Pecan 


waves LAGE Dod wad d EQUATIONS! 
oi [hea hy Ib) sin (H)] + BECK) 


Se ad 


RLU Se 


( FEFER FO pace O-P For. MOM El Cha Tere ) . 


att 


SOONER EE en 
ees 


ep 


Me 


a ge 


aia of ¢ [20d PRESS ein) 


f 
AS Nee COM te AB oe ln Ee A ae es 


Pars Ss ho 


+ out, 
gone 


ComPaeison of Dual Liall EevArIon 7° FLAT 
. PLATE FHEory — 
Cent(Ae) = pee . 
r* sin rp) = red 
r 
a 
2 es 
ie play PLATE THEORY 


>a 
x“ oO 


\As Pe 
rrtg = ared 
As x0 
42 rx 
arx—7 ab 


Pp pil Leer CG) sri) ] + ae Tf.) 
ee au (B)—> ab 
ire wWhhar & UG I> Zig) 
SINCE b= WerH = 6 
Mp= bl fsa+ha) + Bg) 


SINCE Go= Ve 


7 Tas, 
Me f045d+ 14) AGREES WITH gLAT PLAT Cn 
aaa j THE ORT: 
B-5 


Ta ee 


pe nse en eee eee re 


APRENDIX—C 


PRELIMINARY 


CALCULATIONS 


ry 


Sense Sat tcyenn om Basaiath 


No | 


CONCEPT . 


SUP EP TTLETY 


AND 
CONCEPT Ne 2 


7 


eas 


1 ey 


eee ee Re aE ibs gene 


DUAL-WALL- BEAM 


in rR OT TT TT LATED, 


aa get 


hess on 


WITH OR WITHOUT 


INTERMEDIATE SUPPORTS 


Se Tdi EP ge Eg ca aes RES > aR 


A 


aye fo aa mM 


“Sen 


wee BE. 


oo ae oy 
we fol ey 


2 


Dveal—WalL BEAr7 Coveepr: 


Desten Caza: i ; 
LENGTH *HOpy. j a i. 
Mozy = /epz: Oee Pe 


f Sosa Supr0aF 
/ Meno 


‘— fessiole Suepern- 
SWijfHoD 


— 
H 


AMALYZE IRS AS A FLA 
SUPPIRT  MECHANISH4 


lave wire No 


Waes FO CARRY SHEAR LOADS. 
MeclecT Fee Binibis raoraess 7° 


22 crReonféREeNce = wr 77 


E 
Ss. (mp layion, RESS - Lon Gla NAL = 


~ _ (Wad? Te YA) 


EWE ora 


2, CON-SLATIOM BG RESS ~ TRAMSS VERSE, = a Sz 
a-/ 


SYESS GUE Fo SENDING HOMENT: 


a Hs ot 
Le oe 


ai ond 


4 


ts ve PREVENT WRAL ING Soe Es VLencipoarlat) 
(wd t? 2 ff jp Ss eed ao = 
_ 2 oe tr ~ wo 7 wa aE 
hfe ; t Cf = -¢F2 tr: 


of TL EELEL: he oq 
984 + 7a = Peed + 7IYy 


_ léged+ SY y jf PP 
IB¢F rd Glar elope AppRoAc) 
attra somes (MOS SSH RIENT) 


Max. tensipverial pasme speesse 8: t ts 
SINCE Se s 


STAR Leng lzue svar JOE be FRETS = 2 Ss 


SbeErioin@ SdameEenig s* 


Siotaly Reon - G0 yew Loae @ Minspan ! 
[10,000 dies HOLY, Hz) 


[a2 = ciameeeE? 5 PRaty ety ee 54,600 OOD £801 


S700 LY SuppokyEo Wi7TH Sipeoky @ Set fere - Gore Ted 
6241p @Q QUAKE eA 


M= Ee Le) AZ N20, coe) $8 )02)= 


1b, 08 6,9°° pf-cers. 


‘ ' 
‘ 
eth e. eked uke thc 


sgh Bind (cpa gic: “a ep ant acs eal i sae? Tie Xl Sha ats Ti a Aaa alah et 


X*SUJERSEARGH. = 

GI/IGF ‘FZ -TOrts 

1LGGINe LSO7BRDsC, 

ipe F oe 

BASIC. - a 

240 PRINT" MCZU-LBS a . 
220 INPUT A - es 
>30 FOR b=30-79 200 ‘STEP $0 

+40: Fee MICE L9zeDI+¢ Cae 142D3D)74}) 

D5Q Pa CPaC QU 6 (9. 14KD39 46 619240346301 460907499 
>6G'SiaPRCO/23 


>70, SseeF . 

380 PRINT DoPo'Ge SteP 

298 NEXT BC “ ty oe 

sioc END ¥s $e Se ee P 

>RUN - Fawci Speest 

16:22 01710 Bayors. Clem: Max. Soee Tessie Tsai Ingl- Pecos. 
#CINeL LES 239690060 Sreess(Oyay Sree fiom/nid  (Los/wdt) 

meet 3925586 6849.73 A00501F 1600247 

166 1463696 2987051 1886080 3951760 
15D 852.300 2704066 1174.30 - 4566340 
200 3676335 1134067 822.535 , Be22555 
250 4072985 8156969 $tA.215 493 368 

- 306 3080772 61%3544 4782867 319245 
100 HALT 

>RUN 


10223 01/10 
MCIN-LBS)=2 716088000 


50 1394-39 2782.79 1627.56 65-3022 
190 594.756 1189-50: 1670349 2503470 
150 346.2588 6926535 ATI G86 6037181 
200 230.487 4600974 33453273 3234173 
250 650749 33s 498 2496530 16986 34 
300 125442 250.883 - 194546 1 229697 
196 HALT 
>SYS 
{BYE 
O1/10/ 473 $0324 
CLT § 
CCU 0.008 


6°23 


IN ELA Tro LT. 


/00 
40 
o 


GoTo TANK @ MIOSPAN 
: | ; ‘A. a 
£000 . SIMPLY SUPPORFEO E: 


| ; 5 © LENGTHWISE BEHDING 
i STRESS fl PABKIC 
= - 
e \ pre NA eke 
% | 400 $4000 7°" pelazlen PRESSLY. 
Ri a jo £aval £ 
IN S 
5) 
3 a L,% Mar. FASRIE LESS 
‘2 R - Cex fs) 
N“ 
li /So yj} Feoo 
K ~ 4 5" FRANSYSRSE pABLIC 
"% N 
w = Gress @P 
“\ 
Wy 


2000 


STRESS 


FABRIC 


1020 


J00 JOO 


Cela Deertn tin) 


foe 22 16a IN. 


= 852 £65. /jA. 

18.7 283. fin? 

1704 sas. fi. 

S$ * U7e tas fy. ac-4. 


a 
PF 
Fi 


noon 


A RES ENO ORIL, NOAAL Rte DIT LT POOPIE COLE TEE EL EAN AL . 
" bailar RAVAN AT ALANS REA, YD Lo RIES ap te HO ETON I MBA 
oe PRORNINELEE Afro teaten «semen See aeceeeenaneeemlaianenianas . mn <a 9 ~ ws 
» \ . x 
eoP SD guatenes Be ete Me te ta ; 


we 
tide 
Levene 


anamerine fe ag 2 
Ne i Ra 


een 
er att da Tet hy 


at L0G ote Kee 


etter aN eed Lee 


a 


v 


Farad 


re 
baie 


waa: 


ee 


ws 


it 
t 
¢ 
: 


fe 


leat mee» 
. 


2 


eS 


tig 126 
he meee 


AP, y 


FABRIC 


For 
cae 
es 
Lye 
s* 


OO Zor zak @ QUARTER SP. 
\surronpte Ay évos CENTER 


St Len eywwise beloils. sess 
MS FABRIC 
ve gt Mpeazior! PRESSURE re 
faut Fs 


fig Mat. FABRIC. aeasS 


2 Gea BS 


_ S® 77ad/syeR3E FABeIC 
eess @ 


Cats Bape tab 


D*= 480 wh 


346. sas. Jr, 
6.4 48s. Jit? 
OP2 483. fo 
478 2838.f 


ers 


_ COMPUTE ERSEARCH 
ee FEYANOF: 23 Fas2e es : 1 


ae ive TESGIN® 1SE78R0» Cy: =e 
‘a i 4) Ibe 2 ae = 42 a ; : = 
UR. EBASFC— Bye = 
ie “210 PRERT*P CPST =" - “2 
= ‘20 INPUT.P | « 


; _ "th, 3930, FOR Dego. T4900 STEP 20° — 
oe “1, BAR Bai 9d De sTeSaeDr2y¥2 : 
oe “750% Vessacisaissee Sg age act S a a es ce as code gk OS 


oe 0 BRANT Dw - 
7. > BQ NEXT D ee 
eae 7 S98 END _ & : . . 2 : 
tos - BRUN: - e PO, é : 
= Momeny (N.-1 3s. 
mh ge 6179346 . a 
-° 40 “Cay 2.50716E+06 > 
es - ‘60 ‘Se 75303E+06 a ie fs 
a 80° 1.04667E+07. - 
; 100 Ve6TT3IE+O7 ys 
- 120 2. 48078E+07 
af ts 140 3-47080E+07 ; 
460 4 6B167E+07 zit 
180: 6 696785E+07-. 
200: Y'c7039 4E+07 
“B20. ‘96584686407 
, 2A0. 1617249E+08 
an 260 1+ 41393E+08 
280 _ 1468430E+08 
300 1.098508E+08 
90° HALT 
>RUN: 
13325. 01710. | 
PCPSij= 7654]: 
20° 2AT17 4s. 
es 40 ‘1s 0028 7E4+06 } 
i 60 Be B0121E4+h6 
iad 80 4 18669E4+06 | 
; 100: 6+70948E+06 | 
120 9s92311 E406 
140 1638832E+07 
160 1 B6467E+07 
t 186 2.4271 4E+07 | 
A 200 3+08158E+07 : 
ae) 220 3683387E+07 
240. 4062994E4+07 : 
260 5 065573E4+07 
280 6073721E+07 
| 300 7+94033E4+07 
i * 
: 30 HALT : 
»SYS 
1 BYE a 
“ ; O1/10/ "73 13:26 C-G 
; CiT & 
ae i: 
a ’ 


pesos! 


Ee eee ee eee 


PS RT CGE NE I PES 
<6 A twine SEN gh Se ws 


aa ED 


~-P= G4 es. /igjt 


Te TOR 


Raa iad 
“on, ass 


sae 


a TSS 
Si BE ry RE, Bs OS 


sf 


TS 


eT 


re of fe “a a - S ; = e 
* key Q Ww ~ wy : 
LY a WN 


30 
2 


EI A ATOR, 


J ' "SPP aT 9 Os x} mM PLY Oty 


‘ 


bs 2 » 


“a — snes wegen oa Peres ter ae nana rete RULES BOL NG. SS ole ONO, LE ot tpt i 
ere a a tae ue eae gta ne OE, SE aac AS ro: RE SERS tate Caan AR ewe SER a ee Be ee 
Mee a eae 
ao 


Wea ged ree 4 tthe arte . : ;. 
ero eat ee RS ieee are eat i eG Fe Ee net Sess 


ia oe a 
nes 4 te te eee nee ere nee Ae a 


1 


UNXXXXOG : 


8 


: XK 4 144800" 


" UJERSEARCH. 
OIZIOsS *73. 14245. 
ILOGING FSO7BRDs»Cs 

‘9 , 
1LOGINe 1S07BRD»C, 
1D= D 

!BASIC 
10 FOR XxQ. T6720 STEP 420 - 
#20 M=¢ (1 200008X )#(1326-x99/1320 
'>30 PRINT Xs™ 


40 NEXT X 
+50 END. - 
>RUN : yh 
14247 G1/10 oon (in=ias.)|QDEPrw (2a ORAL) 7 
rey 120 Tesoe : 
Qo0° 2A0 © 2.35636E+07 
gv' 360 301 4182E407 


“40° 480 | 3°€6545E+07. 


bo 600° | 3. 92727E407 TE 
go! 720 }: 3-S2727E+07 | tz 
el ease | ou 
>SYS | 
1BYE 
Olf10/ 73 14247 ‘ 
CLT 1 


ccu 0.010 


‘> 


rei BSYrorr FIN CLSI 


Tay 


pg. ee 


wo” ¢ SIT 


t 
of 
i 
y 
vy ai 
OS 
ug 
Eyre 
Rr 


wo hg) 72 tolhl FFP NOUIIS -X 
aan Prrovdeg 
e ws0IM 


& 
(ii) Sigg 


c-? 


Gel weer I Oe APIAE SONF - 
Cerra’ 907" 
2 Wer AVY PILE ALN II NOD) svolop = yor XA = 
ZOOS SOTO = SEF Se erdie JIN ~ . 
her #7ANNISM 7ePLINT - 
DINSWOLY ONION FP KES OA 


‘ « aan 2 : y 


ern a er - a ag hg sats eae hee en 
ERPS IS ERM LO ee TNR Te, aR ge oe nO Si aia NEES RED, PRELTSOEDE LECLERC TAD on io 6 ot Een 
(rm: Oe Ss adie EE a faa at mg ve ea AS a a Oe Oe ee sao as 
. o™ oF Pain Pai Pau 


‘COMPUTERSEARCH 

GI/IEY 972 O82at. 

'LOGIN? 1SO7BRD» Ce 

ID= B 
!BASIC : 
>10 FOR Aed 38 660 STEP 60 ee 
>20 X=(120000#A#(660-A) /( 4966013) P= G. 4.283, fj? ; 
>350 Y= (4866012)=CARC660+A) >? ————- 
>40 MeXaY “a 

>50 Xie(12Z0Q00#A#(660-A)?/Cae660t2) . 
$60 Y126604A. 

>70 Mi=x1*¥i 


>20: PRINT AsMsi4l . 
390. NEXT & ; 
+100 END We Hae 
>RUN LLG LPAO | vary WW REQD. . . 
O8:44 O1/11 CA n2 AT Gear or Max, Dezzn 
0 2 0 Loan Crepe. FO MIAX. 
60 5" Ge3B317E+06 _1-78S12E406 | 97% = 8.08! Mortans 7 @ CH17h. 
126: so” lel l489E407  3¢48099E406 [7/7472 7o.c7 | a 
180. 75" Ve 434S9E407 — 40 S9BISESOS [oes gz 
240 20' ‘he 60553E407" 662415 JO ~ ; = 
300 got PiBd9OTESOT ToT 4050 a Oe 12.50" . ; 
360 30" 1 S49B81E+07 —w 72 38678 a) tbe 1233 3: LiF 
420- 35° 4 SaRel ESOT Tras TSe = 
480 Yo’ FeCTIS7ESOT eT aTEsOE_ 7? ee a Pras 
540 75’ 7. 40D75E+06 Se Qb%=. 78! crea ’ 
600 40’ 3s ‘3s7¢54BE+06 “3 712397 9 49606 9: 18997EFO6 25° = 6.25 |. Sa 
660: 35" oo or | eR he 
100 HALT 
>5Y5S 
!BYE 
O1/tIZ «6°73 08245 
CLT 4 


-CCU 0.013 


YT avy 9Neqr FIN VASIG 


' . ae ? 7 

MG 77. ordne a”. Wi? ei SOINF 

Cari vie’ | 

bere FIv7eANY PRLISLNTINGD) SNOLOD = I¥O7 “XY 3 

GAOL SBT BID a SGT Wolke eed = 
AVOGAL FIANNA PCTLI NG mm 

WoW yy BM aNIG AVSOG OL FelIg INES 


s SY 
esis - Te OE Be Fhe . 
bie Vee en eae y 
g 4 rom 
it “aN . 


8 


8 
N 


(LI) Sw Yo WLIHT 


\ 


* 


SHEAR Srresses : 


P4 AX, - SHEAR ectves NEA JHE SUPPORT ; 
MIBK. VERTICAL SHEAR FORCE AT Ul7/MATE — covo 1770 Ws 
Gao roxts 


7éSILE Loap ay €8* 


toap= 42 xX 4270 x 2000 “FY zon = 109,705 tas, FB 


Go jos 


aE WEBS ARE SPACED Az G ss 


: J0X12 
Ne OF SPACES. = 


WN? ef WEBS ™ BZ2@r/ # 3?. WEBS 


= 103 , 7 
PoRCE pp) EA. WES = 17°4 fog x S/A43S £85. 
43. oan 
BIGS,/ ; ' 
SrEss PETE WES = yA = 4/, fo LES. bY. 
7 Cow tas) ag 7 A%)C8 7") J 


CA. 


2 SMES 
eat ee 


tbe: 


on 


§ 


Re metes 


vege 
Waa Wal gt teed hee 


pinnae Ae 


Deplecrio foe Quad Wall Beart- Con ce, 


s 


Lean = GO yous 


——————. $ave 10 ee ne ee | 


€/3 20") ; ~ 
- (PQ) = 
6 "A WAERE + 
y va ES 2 
f S PF’ = SHERR FORCE 


\aerleczioN A = C&OSS-SECTIONAL AEA 
Ay Poy oF LoAD 
P* MWpla vo PRESSOE. 
2 = DISTANCE feo Loan zo. suppoey 


(ZoanlHo-?) _ (Loan Kiszo-2) _ 


mig EC Es, ) = : > 
PP igHEAR FOLCE,) HO /320 


Fou Abe: EEN ZISE MOMEMT y [NPLETION PRESS. LEAP. 
Jt 10 LBS. ft% 
IAN: FABER LESS (LowvEizua lac ) = (7o€ LES: fy 


fOk L6PTH OF SECTION , REFERENCE FIGULE WD / 


A® (192°)( 2'} + 7 DY 4 D> bepyH of skczieN 


ca leas iszo-I)(dy 
oe (/370) (PIL II2Z0-+ 7 Oe] 


Suesz 7 uses Fok p16 6en Jin ® 
CAO+/ 20 000485 


c-13 


x i 
MW) c. fasel(sz0-2) 
A [74D .786.0F 
| fRons Fiéevee Ax | — _ , 
os 2 
= Ct) Dit) f Ce ) : 
q J26 0 BB BF. : 
F Z4a (IB AS : a | 
S f8o /4Z 52:7 | 
a nee | 
Gao | /$0 $3.3 
DEFLE Er renl= fer Gore 


CONCENTRATEP LoARe MoviNd.. 
ALeNG RAMI. . 


—~¢_ (SxHea2)(2) 
ae mea 


20 ZO ¢O Jo | Ge 
Kame 


Distance Alona Kapae (ep) 


Cri 


Sn oa HO Geena SEE Se Rg ERD PYLE yg NPM Eat SST eS BSL eae Sg es eh Rss Freer eB gy GR a oR ee ee See 
“Concepy N2. / : 
: Oveealt QIM EN SION Ss ? 2816" wine & 12*6" peEP : 
a Faskie Spressi sed test fin. ; : 
“i Jiplayren! PRESS: 16 Lés. Jun? 7 ; : 
wo Yo A M12 BY + PI (12. BYE * 928 
Ue M228) + Crri¢ n25)/4 = LBZ f 
B02 25 240 Rt192 2, ¢o0 ; 
<f- 
| Svepace Avcea> (392) +0riI2.6) 6 1-38 
(g2)4 7K 7.25) =< 59.8 4 ; 
3 126.1722 GFXI/O* GIZOS.£. ) 
& 
7 j 
DB.  Gewedpe NO 2 
Cveeall Dirtensiaws 2 @8*46"* wipe x /2!6 DEEP : 
Faseic SpeEessi GIP £453./y00. ; 
. “ ; : ¢ i. 
dpe azlen! FRESS* Ged £85. fin. = , [ 


J Val. = U6)MIR3) + FN 126)Sd = B28 
elt?) + ANU GIS ¢ = 207 
BLOF2* 245. Xpo= 2%,/50 
; OFi 
Svepacé AREA! B22 UT HI2,8)" 7163 
Bo# (THO) 7 G23 : 
131.6 72° G58 XH/o= 7238 s.F. 


‘ 
f 
s 
§ 
? 
: 
7 

Vo 
’ 


CIS ; 


RN ote a es , a Ve Py wii ned - See Me ee Se Tes i a 0” “ey Le ee TS OT I ae 
AES tries png she soe aig dg We ig es armen : oa z 
Ba ad aE EAC ; oh canes aes: Sos Salida wade EGP esas Serrich gre wane, 3 i Sods aa eS seas a : . 
a t 
. ' a . 
. . 
' ‘ i“ 
i 
t 
‘ : z : 


3 


Ne 


PT. 


CONCE 


(2 tS 0- 


. | 
< 

| -J 

| o | 

1 : 

i 

| : 

4 i 

’ | ’ 

' a 
: \ " 

‘ ‘ ‘ 

i i 4 ¢ 

' ; 

i el, : ' 

1 ; es : R 
5 i ; 

i ' oe ' 5 ie . - ’ 
an ; ; , 2 o iB e s 

oe ae Beets te : 7 a i Se ae a “ 


7 = 7 7 ia 


Lusk West. Were hab. on Wende Canlcert : ERT i - 


wEstan Papat ~ ae 


2 
y 


; 
i 


\. : 7 
NS eeare lege cc Oe 
~ 2% - 


LENGTH = Lowy: + i <2 
Ma fe aianerda at Sed 


HAR. Load? GezenJs 


> 


u 


i 


Py 

- 2 3 

= a 4 
; 

C¥linoaes. - 

ae Srutiep : 

- ; 
Wee, ‘" é 
£9 aes —" a 
DEPTHE EI —¥ 77" i 
st See Z 


coat 


DESIGN ASSUMPTIONS : : 
1) AvERaGE WATER DEppH = SFr. : é 
- 2). Mplazron’ PRESSURE REQD, JO RESIST a 


LOCAL BENDING ONLY, CHEATED BY TIRE 
OR TRACE FOOy PRINT LOADS. 


eryrrcal  Cloaowes? 


BO pon pai ~ 8 Las. fp? = PbO LES. fi. (PEA TRACE LENOTH 
32090 £4, FROCK ea - G07 Fo 283. /yf* (TIRE PRESSURE) 
SCRAPER (Pfopel G27 laps - 48-80 168. fi* (IRE prEssupe) 


WHEEL LOADING CKITICAL ~ ASSUME 60 285. fy? READ. | 
Foe liyytE ee Me Local BLE aTION. 5 


Vos wail of Weegee! CArrRoX) k 


5 
hz (Mo) (8e)(20)= 2% 000 oad 4 


C-/b ‘ 


2 Se RN RESO ERS 


ve 


7 
RK 
a 


5, 
cs 
ae 


et 


f IMA x. iit on FAERIE = sek ss 4 A CY. é. SADE DOE aes " 
Mg L Agree! Leap ~fse as : oe 
, Se yor yer INE Z Aziod PRESSURE 
a ® og ‘ Ft RADrOS oOo fi CYLINDER 


DICE inet Aj. eink WassUeE (4? LBS. a z ) 1S pie Y 

HG he, VEEL BqHaALE | AAI ETE R CVLINOERS Wied, PE REQUIRED 
IM OR DEX ia KELP: JAE fAbmIE STRESS pipe, in’ LSAT S 

LAER EASE INF E: ATler PRESSURE BY BispRieuz we 

WHEE L LOADS THRO GH A PECK,NG C2 ROADWAY 

BOR, Pa CE. 


ASSUITE DECKING: pHraniess ~ Ziv, * 


Am 


rs | = oe 
2BI0. em "> 


Thee, DISTRIET ION ZiRA CK DispR! ay T/er of 


Tee PRESssvRE, = Go tes. fowpw es 26INe= Bd ces. /pt* 


(346 LasfurgB.Tind) 


TAG ce Fre rss. URE = rae — = Boys, ¢ LBS. jf 
= FO, Gd LBS. fool. 9.7 288. [nl? 
Bah ee et 


ms Carrread 


ATIeanW PRESSORE /§ /O LES. Ji 


x iF (3 ASSUMED Vials JHE PECK DOES NO DISTRI Lore 
JHE Lecal CoAapy/e AckOsS JHE WlezH OF fHE Bird 


a 


fu 
¥ 


COMPUTERSEARCH 


12/197 
{L@GINe 
Tbe D 


MBASIC 
>10 €OR U= 20 Ta 100 ‘STEP 5 


*72 16240 
4567BRD-C, 


>20 fer $=10*(D/2) 
30° PRINT 05S 


>40 NEXT- D 

>50 END 

>RUN 

10:42 

20 Celi Dra. 100 
as, snd 125 
‘20-. 150 
35 175 
40 200 
as 225 
50 250 
55 € 275 
60° 300. 
65 325 
70 ‘350 
75 

80 400 
35 ae, 
90 450 
98 ae 
100 560. 
50 HALT 

»SYS: 

iBYE 

12/197 *72 10242 
CLT 2 


12719 Saanic Geass (has./pt) 


375. / 


CCU: 0.009 


ye ¢ Wait mee, 

ae oY 

ne OS 

#44 

a4 

x nf 
as 5 
. al 

ee os . 3 

Ba ~ 

a ‘*, 

a: ? 

Se + 

ae wD 

a 

> i 

Ee 

mS 


ree 


te: *¢ - ar ” 
Fi eR 8. len hE Me 


$=(gNVe) | - 


P= (aces. fin? 


rer ie ee ee ee 


Sreess (tes. / 


é 
me. 
% 

% 
a. 

- 


SABRIC 


0 jo 0 36 40 $0 Go 70a 80 %0 oa Wo 


CELL O/AMETER Crd) 


2 e 


CeLL CONFIGURATION 


Dual Wall Ailalysts: 
Karo 4&4 =/.3 of GREATER. : 
e 2=/.36 
oe |2 fs a + b? : 
a Ris (5b) pb? 
B= 169 }7 +h" 
At= 2.6967" . 
b= (F¥%ee )# 


p 
£2? %o.49)” 
bs 13.24 po. 
2 [A-GP2 In 


S128 LyazerioNs: 


PGA Re Meter = 23°@ = F420. 
CG al. AEE B30 ss. 


J? bése spaces @ F0o-4 = fod sy. 
2 Enos 2S = 7 
ID. @& S : Ze iA 


5 


P54 I. 


id Wiayy OF EACH BUAL Wale Panel = 2or7e 
C10 py. Hints ROADWAY Rawr.) 
= i 
3 LENGTH OF KALE 
, C24 cxtl mane sHSortfpavet) = 1200 ph = 
‘ /OoOfs. 
= ' 


C-~ZO 


SST. ash 


tee et 
Sn 


a 
Pweibesal 3: 


tae 


a oP 
Fe ree ee, 8 


ret 


a oytee A 


anh A 


gc 
< 


RRC TRUER RATE FENG or BNR HG 


< - 
[Abories Leneyy 


feexisle Daesgile—n 


FEQD, PLTER MINED = — 


PY GRAGIENT. _ 


i 


TENS 00 Sreapic 


J? Sasilize | 
Cale Géoups | 
we 2¢ CELL Groups = P 


yoo ff 


>» 


LEFE os of Wile _sto “Waves: 


nile: 
BO KNITS K 1/52 34.5 BH. 
hipacy Pressuee = .02 tes.Jys® 1hd= 2.01 Gp? 
(FRort GRAPH WI IN Han 2 Beck) 
a Arrkox. AREA iy Contpacy = (44N26. 511 0)« [8 7e p7* 
hAves : : 


A ASSUMPTIONS: : 
) FS. FT OREAKING Waves | 
2) Spi AVERAGE bepyn oF wager. 
3) FeRiee LE7WEEN, CRESTS 15 fo sme, 


(Rep. fielosore On OYNAMIC FORCES | ot WATER PROMS, 
sprecruREs) 


” : og as 


aN meee | a! — ere 


Ly * DEPTH Spy. 


ears 


22° A= Se an 
4,2 137 AF 3 * FBS FF 


A) Fig & 
Le (307 


‘4 Fit. @ 
Ve /25 pp /sec. 


2) 476.2 
#12779 £7 83, fer 


C-22 


“REST Ste 


resves (Cond 


at 4" Ve k= tt . 
— (96.6NI26eu) : 
(/es37 + 


f= 


eer 


; 742° 2es5 ft, ry. 


‘ DYMANE ORE. OF Waver MipziNé JNE 
: karte Seeapsee., (70%) 


3 


4 


pcr inmereua 


be aoe erik ak 
i eng ee 
; See 


eu 

3 : 
z 4 Wile 
s 2 Bateson) 

4 VT OrENT Ar Porn7? A wy sip HELD SfAFIONARY Avo 

j | RAMP FREE Fo ROyAyE Ay CAUSEWAY oF B&AcH END. 
: | D1= (28° )N1570)("a) + (7docl sit bo) (110 )( 55) 

a | = /63,772 + 88,771,957 
eT (wine) (WAVES) 

cf PI = BB, FE70P ta-Fr 

a 

zl | AN EHORING SYSTEM REGO. yo Holo RayP pl Posizro 
‘ . i 

i 


G23. 


% > 
Syne Be . 7 
: nee 


ik eG ging ge akira 
ey tae ete 


.& 


bay 


’ Given: 9-ft. woves passing at intervols:of 7-to 11: seconds, 


Reet oi ntee iteimerine Semmens ae RET So aetoneniporntes Ange amma 2 Be BREE tHe wae ac sag: 


EXAMPLE 
Observetions Required 


“OD. Ho réxirun weve height, feet. 


2. 14, ta,-$3 — Senge of tine for two Successive crests to 
poss a Given point during periods of maximum waves — 
seconds. ° 

3. Obtain depths from hydcogrophic charts. . 

Formules . 

dy = 1.3I ia feet : 

H, » 1 to 2.5H'in feet 

F = ME in th. per lint 
yz in Ib. per lin. ft. 

K w= BSx2g = 96.6 


Procedure 


“4. Compute breaking depth of wove 1:329 = 11:7.ft. Woves 


will break on structure Jocatedin 11.7f1. of water. 
With values of t ond ¢,, find fength of breaking waves, - 
L, on Fig. C. 


. Using values of t and d,, find velocity of breaking waves, 
7, on Fig, 5. 


. “Using values of L ond UI, find wave energy, E, from Fig. .D. 
. Using srevious values, find: teenie wave forcy, F, Ib. par 
lips ft. of width of sfructure. 


Tn Phenoo = SENOS 


SAtont stetin pet 
PIAS, LENIN Cm str 


« “ee 
Laword (endian riety 


FIG. C 


- 24 


DYNAMIC FORCES ON STRUCTURES'DUE TO BREAKING WAVES — SIMPLIFIED METHOD" 


ere wbreaker depth &. = wave longth 
7‘ , = breaker height Ea wove energy per foot of crest, 


a dynamic + wae ft.-Ib./ft. 
force on struc- V ~ velocity of wave, fip.s. 
ture 
"Wave Forces: 
1. Breeking on soructure: 
(0) Dynomic ~ approsches initio! force of wove, 
(b) Hydrostatic ~ Height of wave. 
2. Broken waves: 
(s) Dynamtc—Dissipated force of broken wave. 
(b) Hydrostatic ~ Height of wave. 
3. Unbrokaa weve: | 
(a) Hydrostatic — Stonding wave. 


A OE NR ES ee 


3 
x 
3 
S 
: 
‘ 
g 
3 
7 
i" 
ey 
> 


WAS GCUEROTL, PERL TIOT CO CAZIT, FLUORIFT 


23 g 
PEPLPPuna 


*By the author. For more exoct methods of computing wove forces, see Technical Report No. 4, Berch Erosion Hoard, Office of the 


Chiaf of Enainoers, Dept. of the Army. 


Mvesrigazre Fix anley. 


ee ee 
Be Ce ee 
J A gery ae po = - 
( fReoiter | we oe — | 
WAFER DisPla. CED: . ; : 


¢ 


 fesp = Vel. F Weyer maplacsee x Lesizy of Wazer. 
ZL= VF 5 
Msea ware) = GF LBs. /p7F 


: Faw PRELPMINARY O&SIGN, NEGLECT Wy ef SABRIC, AND BECK. 
on ASSUME SPRUGTURE FLOATS AT WATER SURFACE. 
F a be lp haga ; ee ee 
ef V= “SF Y= (ta }(Z7 ( 3) W= WingH OF SUBMERGED RAMP 
% ’ ‘ = . Le 
2X : Lo= LENGTH OF SueMERGED PAMP ' 
i. : : S* SUSMERGED DEPTH 
cr) ‘ 4 as ~ < 
a ASSUME litap (S$ brspRisizED OVER FB? ANGLE SPREAR TiiROUGH 
tM , : "3 : . ; / 
Eo. . qe wR gRLGURE, (UsEe 7 bezerrtde E! J AS Loan 
a ' MOYES Adorrey FUE RAMP. 
JERE ORE, GREATEST SUEMEREENEE OCCURS AT BEACH 


Of CAUSEWAY END oF JHE RAMP, 


LP ee ee LRN DAA NP RNR ER RS RSL LILIES UPI MEP OES EEL ESL NEEDS 
f 
" 
MM RW) NN 


Y= ty as m/e tas.fer? = [&75 7? CLoao Comoirion WM ay) 
y _ G00 £ao/ 54 445. fez? = G37 Et (LoAo Com ar7 ten! No. 2,) 
a= Yizoyt! 


Loap Cones rien WV / (120, 000 248s.) 


Leag Locazio dL ter): SFT) aes 
G2 2.2 
$b V7 
#7 2.0 
Fb 2.6 
/d 6.7 e 
6-26 


aye 


| 


cs if : . vos eae Se ey - “3 ME aghoes Ee wt hy F~- j ; « ; 
BS mt ae a , 
a 4s Rene er H : 
4 is i fa : t . . ! 
fe t a ees as re 
ae H | : 
BS. 3 | i ‘ st i [ : 
ye ‘ ; : 
“ roy 1. 7 ‘ “ { 
| . . ” 2 4 
SP ot : i ‘ F 
eee ee lhmaiata fe 
Bete Jae 4 i mu 
Set tbl LAL ECP PR ee jl ealeats eS 
: 7 poi ba ee ' 5 
; ‘ t. ay Od ~ > : i> . 
ee a ae ree ee ee eS bg 
b.. | | NOS i rN bos ‘ i 
cS H \ ‘“ t ae ow + , LB} 
a 2 ~ tre, -% ‘ ~~ 
a a PA\ Te “REE a es eee uy 
; rea pee - peas 
‘ ; i ‘ r. ae ee H uae. 
; sista ‘ fi i . { 
a 
7 


fe 


Fyre 


We ba 


24. Cell Grove: 


a = 
a SURE rece rege a Re POOF RO Si 
* 
- 


amend 


ie 


: he | 
; “ 4 8 6 5 
a I | 
4 A , fee AY pos eG 
: : 8 a ; ! ; 
« safe iS y 

' & ! 

a 


oe 


Seep mee Sai os 


pee 


. 
- shoe ©. 


ES 


4 f ‘ Paneer 
EEE attr UIT Ren ere EE eet ever 
5 
3 
1 


< at moves ‘ t ; ti 

| sao Sn eee On bene tene a alesets ares | 

a LE omeneneed : H Se; veg ee ce fg ee mee Fees § eee — ees : 

ur eC mene Pecos eee et ee ee tot a ee | es | : 

gi 7 eth 24 
ae jemap es A iat pee ectee a x | ant pa 

es “ ee es ee ' ' i ‘ i { 1S 
an ' ; : 


eat 


ae . - : a a ne 
‘ ‘ : . . A = 
- —- a le ee we bes eee enn + fees 


_ 
a ene ee 


wena sens 


ok 
Fo, 7 , ; 
xy ae “~~ 

CR Ey Gan \e gee 


- 
enone 


g 085) 


Toe 


wont of eee 


ae ance eon 
ib. = ei Sal GND Seed SAA Gla | oy ; 
yet aan Gan al 
aera ow ili 


’ 
| 


a 
"| ina “i 
“( 
-} 


wont bone 
pom eee 
wf ewe 


= eet seamen aameeaeteal 
{ 7 ana 
2 
! > ' : a H : 
‘ i) ' , * 
wo ne Be teem Nee ene ey STR RN NR oR TAR RETR PE me AL Oe ome eS ee mL 
: * 
' y t ’ : , ’ a 
. r] « a 
. ew pe meee A omen tem 8 me een me meme. were enema meant 
1 * » 
« x Hi x 
ai A oe. ny . » “ wm « « name 
. . ome . 


- | Bears MN? 2 


. 


Ree MeN eH et 


pee 


° 


Leas LOCA rien ; 2 err) S FF) ‘ 


an 


NS 


mre 2 af ag 
aE Rept 


sayy eg ere 
EG 


rar gees Med Sart 


Res 
iN, 
~ 
Q 
+ gles, 


NY OG WM NK W HN: 
NY 
“: 
ww 


AQ 
Sy 
“ 


ee 
~~ 
ee nk 


/ } 


/ ij Fane comes wl 


al . ConzaAcy with 
/ / Seon IW AT: oF 
pa WATER 


eeu ae Ke” 


P#120,000285.\, 
pASETEH Wf. 


|Acroad CORYE i 


BATES ba FOOT 


ENO NOT ATTACHED 
pe ene 


Sy Be eee 
Teer ae ok wane 


ER sR 


ISAIMP AACHED _ 
yo SHIP 5 


7s 20 Zo goa $0 Go 7Oo 8—« Bo Fo 420, S/O : 


Locayien OF LOAR ALONG RAMP FLPOr] SH / CFT) 


Qrecate DPyawNsioN3 = Bape wire ¢ B86 H. 


fagele Bpeess - 260 1as.fal 
dnpliiziant Fees. e Jo Les. ford ® 
Voi. = F2 (Helge (ted = F3,000 477 ; 


. 


i q Suef ace Aaa = (2) (217) 20) + KR) Ne)(32)* 19620 3 


5 2 ape D A x wae A Pa En pe ee nl ORE ey TN 5 ee ey he wR ge TR ay ia ae ¥ 
OWE YEA OP REM E EL SLE RS OMI TL PEP et AERP ER DAS BUCO IES TEER EIA BERR TT ES TAT A ts UBS on oom s. 
" ’ 
: 
at 
- . 
> a ¢ : 
‘ 
hy y 
F 
é 
| J 
| Za 
Zz 
Ce, > 
za | A = 2 
‘ 
: ; 
zy , 
sek 
8 << 
‘ aes . a 
Se 
ney 
; 
VY 
> as ’ s * e 
iW eR ee "i 2 : 4 ‘ at an : ae ee 2 5 i : z _ 
: i : . Le 2 ane oy : fi sas 


Paes 


ee 
Sona 
5 pw 
= ~ A es 


E 
. 4 
4 


» 
t 
er get 


Bees, Witt, Ta nanvee, Gowee* 


- F 
= 
LP esorren ry a 
2884S LATA! ot 
. ; ‘g 
At 
' PANDO EE VS PTE - 42 FT io z ; 


ss 


Sie welaH TH 1 ET, : 
LENGTH - SJ / OFT. = - 
foam = GO TONS 


» or 
Loa 


CLAKIMOMH BEKWIOING MOMENT WITH TAHK AT MID SPAN LS 


Ms LL = Leeec0 (ue) = $300,000 Fr Les ia 


Wrstd dd & Louw LAOS BECTON? ere 


Tees ay eet . 


To haga Tey 


t 
4 
. 
j 
= s 
; 
s 
a ee 
soe Ot 
ae 


we 


gets 


13 a0 
we Bhan oe 


{ 
enamwe | wore 

J 

H 

| 

q 

} 

| 

t 
ne See 


S 
in 
1 §\ , 
~ 
ee ee ee 


: 

ae ; ot. 
ee ar af pp a ie | mary 
j i | . | : 
Re ed, | 
Neen ae I : LE ‘ 
MOMENT CAPABILITY - 

Mos P (20) a ie ~ 4} = $929,900 


P= 32209099. = (65,009 | 
. 20 (A)(ste) “ah (lara) 
Goo 


Jbd fE F& 


Cie ee 


a Ms Si 


gine ae tid ee. . eee ee me ae ey eR ane eS Tae eG FR A ene SS Ne NE sO emis OE ME ore Sao Para, ee FT rt eee Names Rien 


wwe Lair Ds anil iaae Se 2S mtenenece al acy ati nt tee Sakata a renege abe Ae i Ny er LORE hte nt IE Re etre mse ee oe tate se ree Sa 
£ is 
- = 3 
: © 5 
- 4 
. 
{ 
P 2 /7£5, 82 
swt & 
+ . 
ALi es, ~ aa J 
z 4 
‘ 
. 4 
4 . 5 
> ‘ 4 
2 
t 
- f 
\ * » 
y } is 
y 
» 
G8 


oS 
& 


- a oe wpe taf een oa _ 


/d 


MINA HIPLATIO WM PRESIURE PE h,- 


pp pt tt 
é 3 4- s &@ 7? os 9 10 


PANE. DEETH RM LT 


TEAMSEWE BSE FAB RIE STRESS 


3, = 19" Pe Lo Fa . 
LON Gi POO NIA L D STE EAE Ma 9) 


She Fe 


s 
Frenette ue amt Reale mince nace sincere aEle Sterne mei Nanna et adit NC ANOE RTS < OCT RENEE ENOTES CC AA CTT, MRE 


Sa AER A SEI LE TRIPS EMCEE AP RSD MANETS APTOS HEX TEE IS EI TRIE EAR SPOOR 5 ERE MICO SSA PC IIE APO TDR AAP ITED SAMUEL GE EEA I I ESSENU IERIE PERIL LETTE EIS 8 ROSIE AI IE ESTE A TET BIER EIRENE 


7 


ZRSEARCH 


12/06/' *72 45240 
15C7BRD,C; 


TLOGIN:. 
iID= D 
BASIC 


>10 FOR D st, 19,10 
>20LET P = 1145.83/(D#C16+D)) 


>30 LET Si 
>40 LET S2 


8 tf. 


64«PD: 
124P+4D 


>5O0 LET S3.= 128P 
>60 PRINT DsPsS1,S25S3 


>70 NEXT D 

>80 END 

>RUN- 

15244 18705. ey 
iy : 67-4018 
3 20.1023 
4 1403229 
5 10.9127 
6 8.68053 
7 7611696 
8 5.96786 
9 5.09258 
10. 4-40704 

BO HALT 

>SYS 

{BYE 

12/06/ *72 15:45 

CLT 5 

CCU 0.012 


sr 
404-413 


381.6943: 


361.841 
3432749 
327-380 
312.499 
298.912 
2862457 
274.999 
264.422 


C-32- 


“im 
808.82: 


7636887 


7232682 
687-495 


654.760 
624.998: 


597824 
5726915 
549-998 
528-845 


Jw 
808-821 


3816943. 


2.410227 
171.874 
130.952 
104.166 
85.4035 
7406144 
6162109 
52-8845 


s 


SRS we 


9 


Pe 


ay 


ea 
§ 8 


&% 
9 
S 


t 


~ ho 
: 9 : 
eo ss 8 
=e 


fasaise Sraess- 7/71, 
wN 
Q 
9 


/ Z 3 ee 5 G eT Ba Be Ye 


PAWEL SEPTH-+ FT, 


|i) COISIDERAWION GF PRETIURE AND STRELLES, AN ‘aPTitusa” 
SELL PECTH WOULD APPEAe FO BE AFP, OC FT: 

LAgoo 29. p sh Sep WI TNS Lowe PAWEL ra eEOUCE 
<1, pLow Sr THs Sr Io THA BON TROLLING FAGT OR: 

PS BETES MUAIUIG EME. STREWGTH MEO nT TS. 


Foot 46 te FT PaWEL DEPTY: 


PaeksnvsRE ~*~ 8628 PSN min. 

Faeire sr-rers = S/2 #/* 

VAR Lae STRENGTH (FS = 4) # /ZS80 */n 
WEE LOAD = (Of £/+ 


crete Sie aS SRR RG CORE, SURE LUCA ATR HOE NTNCIRRES wt om 


Oe ee ee ee ere AMIR alae aaa (aa an Se ge ee en ee ee ee ee eT ee oo oe em eae aoe > see Semaine a gee = a sh 
- . ao Car aes # « Rott ig oe 2 Te een oon ap ae SE ee me ee 
7 oa * » at 


v - ’ ? = a - + S ws 


SOMERS IO REIN em aces Re Ce Re ee IT. 


SOTO. oo 


' 
rvs 
a 

a 


1 
' 


LPs , Cee | ean 
ey MEP pee 


~ (ee ee em ere ema 
4 
it EE is: 


cath ato 


ee CaO a 


28‘ 


erawee eo sw 


en nem . ’ ee ee ee ee 


- 
LSAT SRS RRS 


sO ABET a ne 


CeOsSS SEeCrlornd oF LAMP 


oo 


Ori. pugeiielts - @?7, WH 28 HF. 


Spier. spueen - (e cables) = 62¢ Las forr 


yA a ‘ fa AME fh, ¢3 LE5. for ™ 
7 


yoborges + [lerita) KE) /a]e(Ho) x 2 + (2M aN eM Me)= 40,782 z7* 


Svecace sven [der Ne]]isoN2) # (FZ iNe)(2) * 24427 KF = 


TAY 3 (icf DAE aide UA GEREETS SAL ONCE ALERTS RN ee PECL “ya aa ore emg HE - : : 
h HUTA DORT Ve RT IOTAIED DE MLE NUE TS ERE TROON POEL E LYRE RENN! PEURIPEL PERE MRO LEU ER TEN SEC gE ENO, CUTTY me EF EY yo 
we a i” : . mes = I Fi ‘ : co es WakeS ee PRE AS, HSE JPR, MP TaD IED LET SB See BF PEAR CGPI EO MESON TR oe RGR” REPO Sere ke 
Ba i ue a po = 3 . ‘ ’ uy : 
N ' ‘ ‘ 1 , ' : . : 


5 
ECK 


a) 


£ 


rail 


USPENDED: 


ON 


ae 


S 


ee ee ae TE ee ee eee 
ee ET OY ST RT RT ee LE oe é 5 
¥ Bee ge Se ied a a - I Se re ge Te aman ee ae 


oe 


: 
+2 


Desten Lara : 
; = . lénarH = MOfz- . a 
CS eage erepp omy 


t 
Seay xt 


eee 


* 
% 

‘So 
ca 


~~ ~ 


“BEN has 


re 


Suspevoee Senele 


eens me ne epee 


wee as SLR te tN 


Ry 


doxiwlees 


Be SACS EWA Jee ig POU esters — 


- Sorrom 
PERT Er 


. e .Z 
oe ® . ae 


vy 

BUSPEM SION ri 

Cage . 

: 

4 COE: ONIETIA y= : 
Mossy &eNani/¢cht RISE JO SPAN Raylo VARIES »@5 yo .50 


TYPES OF ARCHES: 


a) No WInGE a 
: 8) five INGE ye TES losy APPLICABLE 


AEsp Rai ERS fort Hos, 
C) THRE HINGE Ey CTOVEMEMS WITH DEEL 


syszée) 


a) , Ly fed eo rs A. une ° ee 
oa : ja oo 


ia 


perpen 


"ER; 7a 


Arted, YSIS OF A, Jive MHiNéeo fa ea wotre AgcH ~ REF yexy 


1f5 AND , Agere” Br Léenzovicn 1/959 11°Graw Hild 


N, 
ys 


Abi dé WEVENT zo SPP) Rabie = 125 
fot £7 Ho Ay <= HEIEAT = 27.5 py. 


re 


LENSTH OF Patawolié sae LMP (He) = [26 7 Ga. 451) 


Leipreal .toavnsve: 


Assume te OF f04D CARRIED BY EACH ARCH 


at 


GO Ten FANE - FRACK Lavery = /bvS FF: 


172,00 ° 7 


BLE Spaces ¢ 


By. 8275 2es./e7, + 22 d/F8 L236 fp. PM ACH 
Assurta Dd. ef b&ck*_J2Z tec. fey 
£220 ¢as. 


VER Jorué Loan 


Jer S70" 


lowip wee chaste = (#4502 405 fry. )( Sry.) * 22, $00 zes, 


Soa » 
VE GNF yes Cagle - Beeay ws Seaver H “ £6. xips 
46,900 | : 
fiS.* 2450 * 7.06 
fhe: 
As A GoES 70 zfeo, Ay APPROACHES 
W WHICH CREATES piAx. Ae ENT- 
: ~~, £ SHEAR. 
fu hy €u 
Ww h 
ve < 4s A weeeases , Cu REACHES 
om« \ = > <5 + oem me narmenmanre| 
ie | ; Ae dose A MAAK. @ 20°" Ano Ids GE 
MAX, 00010 Vasa < CAC Eto fel JUNE Pah. 
Dott ft rode 2 estan Coap = 22600483. per caale - 


JZ crasles Coabeo AZ ONS Jieqe 
bid JAWE MOVING HLONG 4apqP 


Re cer emer n meee < smemecgreaes weremey | we 
« 7 “ 


—— 


Bk tee wee © 


, 


. 


4 


er rs tT SEE IR ES otha neat ae oe 


® e * "a! s 
- > sce . rs i a Tg tes A oe - 
: eh beet ok Sle «ig et, FS 
ee oe » yaRABOLIC 7Wo-HINGED ARCHES - 138% Wale 
‘ . he . . - e * fg iG 2 ry r 
i 
we : +” vt wa: BOER ee a! m Tees 
N= Heat tPE rang _ edge a. a a nas . ah oe ° < a 
‘ hg 155 = , bene ee - D 2 é 
oe a oe Rees (9-16) . ; ; 
ig G2 = Hangs FE ee. ue Be gine wees ag 
Whoo mata Ee ee ce ee iy eR es ‘ 
tba el erat Ld CGN Dei aie tae as? ge Se : a, 
Ns ma eentee ete ete, Ce pad gate ieee Slee ; : 
eee ic Oe. ar en fs 1 ay ; 
ea iar eget BUT) LE 
a Hang + PE cep ae ee eae ae acne? : . 
i a . ee a 
ene "ge on . Fi “ . . : : 4 % ; “ 
re Ful *. @ oy ace oe . 
“Wheixzim bits et Ce ER A . ot , 
ie : ee. ‘oir . x vos 
Ms Heap Bing Gites Ge. CET, tee ie GT oti a ok : 
Paras wi a misting nih ; (9-18) : ; ae . ‘ 


Q2-Hsina~Poecsi . j : 
a Hi sing PR conf gs WAS soak oon 


. ee 
, . . 7 ‘ . x 


—! 
» 
» 
. 


‘For Notations and Constants, seo.arts, 9-1 ond 92°. °° , es Hf “ 
: * . : s e . : ; . be « cae -_ ~s x 
When s 2 m and= Atk. Ee - 
2 ; a7 te ‘ aA, 
m 
N, = Hi cos pb Py sing : ; . P ; 


@, = H, sin p —~ PF cos ty a 7 we 


999 


10 
20 
30 


40 


50 


IMPLIC LS REALCA-Nok~Z), INTEGERC 153) 


GUTPUT(6>° uRCH2K* 

QUTPUT(6) ° 1. WALLACE-PHILLIPS® 

- QUTPUT(6)* NGV.285 197... 

BUTPUT (6) * THIS. PREGRAM ANALYZES A Twa HINGED®- A 
‘BUTPUTC6)" PARAB@LIC ARCH WITH A CONCENTRATED L@AD* 
@UTPUT (6) * MOVING ACR@SS THE ARCH. REF. TEXT “FRAMES® - 
@UTPUTC6)* AND ARCHES", BY LEINTOVECHS. 3959 .4CGRAW-* 
‘BUTPUTCE>* HILLS PG 335, FOR DIAGRAMS ANG EQUATIONS.» 
@UTPUTC63° SM= SMALL M=L@CATION OF P FROM LT.SUPT.¢FT)* 
OUTPUT 6)" X= INCREMENT FRroM LT. ‘SUPPART To. RT.CFT?* 
OUTPUT C6>* M=MGMENT AT. INCREMENT KCKIP=FT)* 

CUTPUTC6)* NzAXIAL F@RCE IN ARCH CKIPS) AT ‘INCREMENT Xx° 
OUTPUT C6>°® Q=SHEARING FORCE IN ARCH CKIPS) a FHCRUT x* 


OUTPUT C102>°ENTER DATA IN. FORM-PoL oF oSMESXE? Se : 
QUTPUTC102)"PoLsF»SMIsXI° 7 . ; o. 

READC1015999)PsLoFs SMIsXI . . Pe , 

BUTPUTC 102 )PsL oF »SMIsXI oye, ae 

FORMATCSFD ‘ , a3 ate gS ercat seats” 
SMxSMI oS 

Cl=CSM/L). me 3 
H=€(5.#P$L*SM) / (BaF SL) 8 C1~ ~C2eC CCE #224 CCCI 4e3)D = = : Z ‘ 
V2=PeSM/L : ' : 
VixP-V2 : 

WRITE C6s1007) 

WRITE(6,1005)Ps SM 

WRITEC6s1008) H 
‘WRITEC 653 0023H: as 
WRITEC 6s3003)V1 , 
WRITEC651004)V2 


“WRITEC 651006) 


X=0 ; . .. : 

Y= 4el?#€1=CX/L) *(X/L) : ; 
SN=L+SM a = ras 
THETAZATANC (C4*F/L)4C1= = (24X79) ; ; pA 
K1sP*S4/L . : a 
K=P*SN/L ‘ 
IF (X=SM310510520 

IF ¢(X=£L/2))30230, 40 

IF ¢X=€L72)9250350,560 

M= CP&SN#X/L) = CH*Y) 

N= CH#COSC THETA) 2+ (K#SINC THETA) 9 
O=(-H&SINC THETA) + (K&COSC THETA) 9 
G@ 73 70 

Mz (P&SN*X/L) = CHEY) 

N=CH#*COSC( THETA) 2=CK#SINGTHETA) } 
Q=CH&SINC THETA) )+CK&OCSSCTHETA) 
G@ TO ‘70 

V2 (PHSMACL = (X/L59 9= CHRY? 

N= CHRCOSCTHETA) )-(K1*#SINCTHETA) ) 
O=€-H#eSINC THETA) = (K1*COSCTHETAD 9 


ro Ta aN 


ee ne Ee oR AN NEAR, A ON tee ee 
o 
x 


C-38 


‘G@ Te 70 
60 M=CP*SM*CI-(X/L999- ~CHey? 
N=CH®CBSC THETA) 9>(KIaSENCTHETA) : “ 
Q= CH#SINC THETA) D~ (K1sCBS( THETA) : 
69 T8 70 < ; es 
BOC ME NIECES 1001) SHE ReMi Ne® : 
X=XxX1l 
IF (X-L>555s80 ae a _ + 
‘80: SM=SM+SmI ' Ras ‘ . “ ‘ - 
TEST=(L/2)+SM1 5 e, tine 
IF (SM-TEST)2,2,100 
1001 FORMATCSX> Fb} +SXaF6~ to SX oF B25 5XsF8.3> 5XsF8.30/) 
1002 FORMAT *THE HORIZANTAL REACTIoN Hisk2e° aFBe3n*KIPS*#/) 
1003 FORMATC * THE SHEAR aT THE LEFT SUPPORT Viz’ pFSe3s5"KIPS*//). 
1004 FORMATC* THE SHEAR AT’ THE RIGHT. SUPPORT V2" sFBa 3e"KIPS*//) 
1005 FORMAT(1H1 ° WHEN TRE L@AD P? SF@e3e" 1S' oF 6els FT FROM LT. SUPT. ‘77> 
1006 FORMATCEX»*SH*s 0X2 °K" 9X0 "Ms 14Ks"N* 9 12K O° 0/7) . : 
1007. FORMATC//). : 
1 608 FORMATC . +8+oAEREASRERRERESREOREANSE REAR RSRRARAKASNNERA HHS! ? 
roo END : . 


re EE ree aed Se ae PTT A of LP Pry rae eit < 


EE ESE AI so CRN NEN Te gt Sie Te corse etametsaeenimne 
are a a re a MS ST Se Ee ie Ge 7 ar = : 
—_— 
Le 1000 H 
tr eae £10) 3)¢) a aa wae teeters: 
3< 3°00 3 _ NdY92%3 4972 
g oe FeUOU: : Al \"RNALYZ [te Te 
5 - 5e00U $ PARABOLIC ASC WITH A CONCENTRATED Leap 
may 60007: ————HOVING ACROSS THETARCH, REFe TEXT FRAMES 
Je 7*000 $ AND ARCHES 4 @Y:-LE@NTSVICH, 1959sMCGRAW- 
a= “83000 3 RAILEPS FT 135) “FER DYAGRAMS AND EQUATIONS: 
ge "  9és00¥ : SMaSMALL MsLOCATION 8F P FROM LTeSUPTs(FT) 
10 < 206 3. Xs INCREPENY FROM CT, SUPPORT To RTtFT) 
11 - _ i900 $ enone ut AT INCRENENT X(KIP*FT)  .- 
f2- i2¢000 = 2 FORCE IN ARCH (KIPS) : x 
13° 13°00" $ GESHEARING ‘FSRCE IN ARCH {KIPS) AT INCRMT X 
4. 18.00b : 7 ; a. . 
45 = 25 *560: r ; 
16 ° T6°000 ‘i : 
17° 1729090 giWHEN THE L8AD.p 22050015 SeorTt FROM LTe SUpTe 
Ts e000 aaa ae : 
19° 192000 t 
“Bye 20007 Tee eee Ee ORES EER EDEN ERDESERE EGE EHEH EEE EDEUHEREEDEREOD 
21. 212000- 4THE HSRIZONTAL REACTION Hish2s 2+S46x IPS: 
Bes 20000 = } 
23 - 23.000 ‘ 
“BG eo" “248600  YTHE SHEAR AT THE LEFT SUPPORT Vis 2te&77KIBS ~~ 
1 25 = 25 «000- 3 
36° ° 26000077 FO te Pic calor TC te pw iin ee yet 
27 ~ 270000) THE SHEAR AT THE RIGHT SUPpERT vee 1eG23KIps 
Bee SRG 3 Gear antitg oe een oe Pel 
99 29*000 8. 
~-B9-s * - 396000 poco ser np 2g eran a ee 
3iL° 34*G0U : i 
“32. 3 G09 Ee Oe OC fe ee eee eae eg i a ee ai, 
33° “He CDQ! 3 5:0 20 +00 160987 130386 
cme sF000 TE : 

35 ~ 35+00U $ 5:0 1or0 79et2 1°323° wee ge 
"365 3600007 7 F ee =. 2 en Ra Mane Pk py tae FO ee we Te 
a7 37*000 iH . 5*0 200 50038 19599 ©2230 
27 getT en ™ 88.0007 OF co ¥ ee ee al eee ee 
39 * 39000 H 530 30*0 26026 429895, “#10985, 

4Q ° 40 6000 H : 

4l 41 °00U H 50 ‘40.0 6077 201838 "T0657 
"Hae 422000 ~~"s’ ae “ie Pio ae ge eee Ghee Meese 
43° 436000 : S50 5000 "Be09 20443 "10249 
4G @ 44,007 ~ ¥ , PO fee Pane pte) eat Fh owl ORO ee ae ape ee 
45 = 45e0Q0U : 5¢0 600 “18031 20443 #10249 
Ee FAS OO Oe arn se ee 
K7 47«00N H SQ 700 723091 _ 29188 710657 
Be 436000 4 ae : : : oP sted HO Car 4 oka ee, : 
Hee CEMeOOO.) oe 500 BO+0 724088 19895 90985 } 
ga e 59«090 $ , i. toe Serge ay aeons Z 

5i- 51.«000 . 590 90°6 "21222 19599 "20230 
ieee - 9 a” SAR 3-17 YO | 0 | © RR a ear st eee es 
53 - 53000 3 50 1C6+0 -12292 19323 926464 
54 6 54.000 3 . Pee NS ree d 
C-4o 


a Sed sistaiiaee: wen a aaa sails PE 
z ¥ 


ARLE im + 


Fn tee eee Rt, RN ON ROE A a RO 


RCH2H te/28/72 333 


ae nee anne = 


55 on ae : 5e9 iio*0 #00 - 19677 #2052h 
56 - — “56.000 : : ey 
57 « 57000 : ' ! + . 
53 ¢ $a-000 
59 - Ss00U 3 
69 > — serene S FER-THE-LOID-p aD OIS i0-oF? FROH CTs SUpT 
$i - *Q0U § 
62 =~ “620000 3 
43 < 63000 SHOP HS HOSEPEEOD ED EEOHDSODEEHSEDESDEEEDOEHEDS SEHD ED DDESERE 
Ar © Ba2O60 3 ghca * K 
65° 659000 
66 66000 : : 
67 »  €7900U_—sS THE SHEAR AT THE LET SyppORT Vig 20°455KIpS 


68 = 68°000 © 
__ 63: - 69-000 
Ig 79*00U0 TRE SHEAR AT YHE RIGHTY SUPPORT Vv 2vOVEKIPS 


7L- 71¢Q0U : 
72°” 7290900 t : : 
730" _ Frege. : SM x M N (r] 
74s ~ 740000. $ . 
_75 75 +000. $ . : 
76s 769000, ¢ 40°0 70 700 15+022 00305 
77 = 77000 : 
73+ 78000 STD 1090. TSS FBR re 
AP 000 a : 
aO°* ‘80290007 ~ fosgu 2090" “0673 CL Y-}. cle 
Bi = 81000 H 
8S = B2eG00 TO*6 30°60 SHss I°7H5 eITTHS 


83 =~  =—8390000 Fs 
ays 846000 EGE GT TOG BO cs Aa XY a 


a5 + 85-0003 
R65" B6sQG0- FF foe “S980 aT RTT 
a ee, es en ee ee 


87 = 879000 
R9 = 89eQ0U 
39 *-" Sqecou~ “$08 TT OT 8g 


EP ies 91°000 


vejee 


{ 


eej es eeloe sejeo 


' 


9273" 3280007 “£6807 890 ES 878 CXL 7 sa 
33° 339000 a 

~ gare FHTOOV ae TOO FOO FATS 7 FRCRTE 
95 = 95000 : 
96 = ~ 369000" ~ “2050 100867 A530 OT I 


97 - 974000 
ga <0 922000 ~ 
99 - 99-000 
“a0 - 100000 
lot ©  101s000 | 
1n2 + 1022000 
to3 103+00U 
ick - 104:000 
195 « 105 +000 
lWdas—” TOA COUT UREN ROUNDERS NUD PHN UEETNENTED ER NDOT DETER NE DUD ERE EON 
1n7 * 1076900 $ THE HORIZONTAL REACTION HisH2e __7e4O5K IPS 
1n8 ¢ 104-000 H eS ee et ye POS 


> , ad sum 
bea ee ra a4 a 2) 


C-dt 


TT OC ge 9G TSO 


~ a. ae -_ se cetaemasin tatiana tineennaltie callie aeant thon tteened ceten tneset anes sateen ertehatetee eee ee el 


{HREN THE 6A PB 22650018 _ASeOFT FROM Abe SUpTe 


cee ee et ie ae lene Meet 


oe co ov oe ef coloe Bie sales 


: 
me | 
4 
+4 
+t 
a 
> 
pai 
s 


2 


a CT TO SN Se a erent marco ne irene, ei 


ig9 = 109s000__s: 
110°-° ~ 11000007 TE THE "SHEAR. AY TREE! CEFY SUppeRT Vis [Fe432KIPS — 
fit + 1114-000 : i : : 
1i2 ~ 112000 ~ ke 
443 2139000 THE SHEAR AT the RIGHT ‘SUPPORT y2= _3s068KIPS 
114 - 11% e000 3 
115-~ 115,006 : : 
“Tiss T16s000 3 — i¥ Ma a ee ee gee 
417 > 1179000 : ; : ' 
14 “Ui » * eg 0 3 ry 4 ~ ° ; ry a 
‘4: A139 * 4150600: iSe0 40 200 180976 Bs5G8 
oe t29 =" 12090007 fe Oe 
oe ae 121 "= 121¢cQu : 1599 loo 127200 189036 Loo384 
po ~1p2 S122 0 dG n er error es pees 
q 123°  123¢900 : 15¢9 20°0- 154397 - e609 8 0 SSS 
“Tay > Tee 000-3 oe : ; ore oases 
4?S5 = 125+00u 3 1599 30*0 83490 5eh7 4, 630857 
Y287 Ss" "L283 000 eg ee Pew pte ad ae eo ee gree ——s 
127" 127*00U H 1599 ye Te) 25929 6*336. #49908 
“T2383 ~128+00 eo aes eo eRe we OU Ee ee ae meee Peay 
122." 129¢e000 + 15¢0 5oe6. 37.285 . . 79996. o3°726 | 
“Tad + 130000 ee ee Pee ye 
13% °  — 133¢¢00_ : 4509 60°06 948 e5% 70096 9350726 
I 1 aa aa a a a eae 
'493-° 232-000 ‘ 159: 7920 "65 475. 60336 aeeSO8 
RGR oe SLSR OU, rn re erg rn re er ee : 
138 “ 135-000 3 15*0 800: 769951 50471 #50857. 
“yas * 1360000 . 
137° 137*00U_ ts £590 S0°0 #59085 ‘4 * 600 ~$936% 
43875" 133«q007 Sig ye OE ae Stee at a ae, een Oe ee en eee 
139 = 139+990 : - {549 100*0 36083 30788. 75064 
eg e  ReOe ON a Se ee re ne oe eT 
141 + 141-000 : 1590 tloeo 09 39066 #7405: 
ie 0 'y- a ee 1 a acne = 
143°>* 143000 : 
Lhe SERee O00 yrs ee ee, eee ee ne ee sng ey en 
145 = 1452000 : ' 
1¥6 =~" 1462000 “FIWHEN THE COAD 6 22eSG0IS “2OvOFT FRIM UTS SUPT ponent 
vE7 = 1474000. : oe 
TES STR O00 a a er a ran re See ee 
sa ¥ 149000 Dultetbeh-b5- tub Leh hcoehad ek. tuh ch Sedhdtidsdvhdadaheanb-tebchtedeb-tebotehaheied Ak tud Lkehokpl 
RG0 - 9 55.9 DQ0 “UO PTHE HRT ZONTAL REACTION HisH2z —“9VBLSKIPS 
$a  1S;-508 : 
15@ «. EP rdap : CDs reat nee th et, Rly ag Ben, Dee rn ne eg ga oy ee ee ae 
AS3-* 2S3+345u rive SMEAR AT THE LEFT SUPPORT Via 180409KIpS 
“Tees TSG. 00U 7 i iatenaneid 
155 * 155-000 ; 
456 = 1566000 "3 THE SHEAM ai THE SISNT SUPPORT you “HeODLKIPS en 
187 = 157000 : 
158 «  15x,000 : So PEEP Sey randy ogee eager 5 
1459-* 159°QQ0U ~ 3 SM’ F 8 N 8 
Lee = «16066007 Be Pe ES pee ee ls PR ian ean Se Soe eT 
146P =° 161-000 : 
162 = 162900 : 20°0 +0 “9G AS BLS 


ne Sg pays? 


oy 


C-42 ; : 


Te Et mncetee beeen, at he A St atten STR Tat UT RATS a NLC TN ane mLCgm e 


Ss 


Hie, S$ 
Rae ‘ 
4 SALA 


cd 


ee 


TAN Pins ? eee ee Some PD ne mont renee eter merece Ae = pew wer we ee at eee eee RR eee ey Sheth earmnamnaemenntedeotsinma gmt 
BSS aes 4 Sete ie Gk) ese tM . 2 i - 3 
i ae eee, Ls ten oor . 
2 ws » + + mt Pe a’ 4 era 
a: = cal ogee main ayers tae oat Seren See cee ee EY RL Mere Sart er NOR RRS Arte ett tt anna Rusia 
oy acs ae yo TTS ae Syra Se ee ae peri reenne eee Tram ptaacase Bently 
eae a ‘ s el ee as ¢ 2 eae vo et a7 ro 
BPs ts - F is wee Teo - 2 Es 
Saf . = bi . 2 se = + % 
ae 5 . ¢ ~ . 4a | 
foye 4 pote ans mean ne Rye Neen remanent seme oe neenene eerie immeele be. weasel lS essay? = sore 
2 4 ead 


» 4 
& es > 


ae? 


a P63. °°." 'TesenON- As oe eed 
oy 166 2; L5ks000 "3 -- {<7 « DO Xs ts 3 9° I 2): 7 ater” 


~ ovat 
% SS 


es 
as 


wee oR 


Be gh A65sc00 oe re ire: axe - 
Sc CR Ts a ee i Cl & 
“R67 a: 08 e500 is ee: g moe ig: 

rr oe A a a rn ae a 
7a 4 Carey L65 oa , POIs ody? . an Bo hee Se a a es NE cen ee sae ass Gk 

: rs £ “pO Baet  E —aREF7 wis) —~BSRVE oe 

° sak a a eS He 

 &G§ ace a*¢ SEG, i "See LL a. 
2 ‘ hots - &B i 

x , ; yo a a Pe tee cry so Ne ~SETARE ig a d: 


pe eee” Sp rate Ate arurie ce as eens ee 
a as a eT) tt TST “<50976 


484 


Sep, 
thee BE 


77-000 < : 
a a a a ae EL. 


a a “15S — “Seager 


* 
|-- we 
H 

. 


pe 8G a8E: aT. Meee Ct - 
Ta Ord EE a “ETERS, 


y 


Vem rt lel eRe nae Or sD = time en POE mM dmNntC Ht 


a 


eiMOHE.. Behe 
+ ¥ 
Rd at nthe Gees 


oc” 

4a3 2 1839000 
ee STE 00 

is TAS = 185+000 
suns “"p86..0G8 

me H4A8% © £87800: 


vine 


«orse P 


aemresanreepeatiid ante BOM IN BE ey A me tte 


as veres 


ore te Ne nh eI YE eo at yg Or ces oN oem ee tre 


+f Aes, 
: 


nel BRR E ABR GOUT TT TO een = : 
a 189 ~ 69.000. EAHHEN THE LOAD -p ZarBqoIS 25e0FT FROM Ts SUpTs. “a ; 
ern RSG s T8GeG0G gS Pies ee eet em Tete a oe ar 
i /  $Or 4 1944000 oe ie 
_ age & LIF 1QOU YAR Rae SHER OTE CHER RESLRHEH REO EERODMENT HAR MDRERRED ON 2 : 

°° 493 *  193-60U + THE HORIZONTAL REACTION High@e 1t*s13xteS! ji ae 
ee eh - “34346000 oS ts Pa reser ig 
7 : ‘e area i 4 i 


ett mtn! 


ir oa ae “1562900 ——frne-sacanaT TRE LERT BO" ER T7RERTS neal 
a “A497 * 197090 

Day 1937s oat '198<000" saat aes Pepe ene ar tarnit tome yenee tettann unm mewn arin FharemeLir net Sd Amy MONTSA ery mn NN rea terty 4 AERA NBN ee rR, tee eA AEN 
199 = — 199s00U —RTHE SHEAR AT THE RIGHT SUPRERT yes  Setthutes 


ee a en ee i a es retin A he cam oy 


at, E28 
onan’ 
¥ 


a ee en eae 


é Se 
one f+ Bets ot 


~ 290. © 2006008 ; : 

Boi * 2416000 : ; . . ; u 
‘2o8 3 Z0es See es 
203 + 203-000, ud 4a ra 
o% * 204090u7~ ge! eran y, are fOr f ot OMS OOP eda POM ge ieee TIRE BS wr eT are ag 4 
295. - 209000 ¢ 2510 10’ #00 BOeK OS _ fe O82 he 
BNO 26600007 7 Weg oS Peels Spent (a eR aa eae ye 
207 * 2076890 ; 2569: Rica0, 58229 492998. 6102 iss 
BBO er URN co Sem ae ene a ne pete are ge Ry ip eg eye tae See ee pe iy $ 
299 = 2034000 $ Ree 2070 4R7 069" 1Seise 80433 bas 
ze « = 2492000 af te 5 eee os Se ee a 
ail % Biteoge 3 ev 3050 195 ¢7 2b 8457, oS eh6t ee 
nes ay2.080 ; ”. I ew on St — 
23% B13°00U. ! abst: 4000 A293 20859 “75985: a, 
Rtg ST BLE OUT Se ee ees ape ane tg ee a Serie nak 4 
245 - 215,000 : 2540: $0,.0 “O34 11,6109 wO5ib4 ee 
Br sete sone 7 : : 3 rife eiag ge Ahad | 
' ha _ 

Cet 3B thes > 


3 
% 


sce A ae ge mie FE 


IL ERNE NER i Sak Fn RQ i ean tl 


re 


enna on 


+ 


SR el ia AE NEE II CIE AIOE TOIT HE Ea ote = amine tse ori! RACAL MORO LOE LON OT ANAC Cates lem me we 


Ae TS meet SY SI ITT SR LT NR I CELE LR NE AR, ent 1 SO naire LSanPAR tert, Wa steam aseebenrenernte 


pe a ea adios Lie NS Se Sp a 
ACEH 12728772 STS ; noe ee ee 


“at? vou 


217 a 2599 S9¢0 ob4465 119103, S6o1he 
BLT 2 218.000 5 Give. ae ppt eee pee 
2f{s = bat 2199000 s — BSey 7090 #41507 9e859- e7 0989. 
- Baas “PRG ET : . mr 
221 ~ 22Leg0u vo: 280 Bns6 999998 84657. *Iehby 
282 “< 22260800 “EF 7 ae ee See eee rE ere a aC a eats 
223° 223¢908 . B5e¢ EOL) BI 977 79052 “109549 
225 = “2283000: ~? FB ed en SE Se pp ea ar = ST 
225 + e25sa00 S 259 10608. 54g bE $375q. - w$hear2 - 
web.8. eegs0nd so oom ae ge pee 
227 § —-e27*oQu é. 25ep iLoro 200 42596 "iieS2B 
- 2RB © 2280090. ‘tes I a a aaa : _ 
2a9.~ 229-0903 ap sinha ba oo Ba 
2307 230 <0GU7 ¥ rane z : 
“asp B3tes00° ig. 
“ERS = Eze 0007 TLWAEN WHE LEAD p 2e050 oorTs™ 
293. - 2a3edp9 : ae 
. + | BAS BSR O00 See eee eis 
235 - 2252000 4 iusterhatchspciiedulavessssnnsttinnseesuesneveestersense : 
BARS” BSARIGO  PTHE FSR D7 ONTAL REACTION HYsHas” {36S70RT a pe nen ae 
237 *- 237-d00 os ist 
38S Zee GO0 qo ee Sep re a 
239 5 2396000 | {THE SHEAR VAT THE LEFT § SUPPORT | Vie tes3euxtPs : 
“2bg = ~ 24500007” i CR Page) eee eee ae gad Pert 
'2as = 24F~00u- : ; 
24o--° | BWae O07 THE “SHEAR “AT. THE RIGHT. SUPPORT y2a “604 36KIRS 
243 5 2432000 si 
BEES SITIO ey eee eet reer ain Bar: 
245: « 2456000 : SM x i - ‘N ‘Q. 
“Bugs “248s a0) 7 EO Sh a Mag ) Ape sea ee a age gy ae oe | 
ays = Br70e000 ee ber] 
Bu8 >" 248.9007" «37 ae ak Ts amaeeaaaaaass 10): mammumaiag-5 Cy )-1- 3 “Solty 
249 = 249«00U $ 
BBO eSyrO0U BEET” ~L0FG: TET BOT Oa 
251 % 251000 3 
age ~" “25200007 ~~ 37 3040" eGR —-YyR SES 2g TRB Oe 
_ 854 © ‘253-000 t . 
Bea 7 254.0001) ~ oe ae “3099 ~~ “392 Q 199620 yt oS HS ————— Ee 
255 s 25h-G00 { 
“EBB 2B 8 GT ag Tia aa 
257 ~ 2574000 a 
e558 BERCOOUT ME BOSON BOE QTT TT TS ieee 
259 + 28-0QU : 
260 = 26G6 oo Hy 30°90 “60200 7 7 cot) 0 S-\ nes 0:17 1-1 “87382 
261° 2619000 * a 
BESS 262% 000 * SEY TOGO OO ETO res 
263 ~ 26290U “ 
264 - 26%»000 : 30H 8090 9107062 99632°° "WAT eis" 
2BA5 * 2650000 H - ; 
246 » 266,000 ; 3,0 ‘80.0 296.05 BIBS 23557 
247 = 267-000 : 
2ER FO ZAR ANOUT TET gs ~~ "“FOORT™ - ens 1-1) X- eee :1 11 -)- Y-5 (eae 
249 ~ 269000 : 
279 - 270+00U t . 3090 jloec °00 5ef15~ w1de792, ~ 
C-4he : 


| +, mit a ee 7 " Pe ee Pe ee ee 
a PA OT PANT NOI PS LETTE SSI IEA GOT LI LC SAG IES si ses 


AN RE Ee EE NE a A A Smt Se 


meters Semmes 


Mtben —" pe/eepre Shap ne ee ee 


-- cee A A TY HT ec 


271 =  27i000 


272 2 272,000 Sie eo ct 2a et gece ys oie ee, ee 
273 - 273.000: ; 

“Zits C7 el 3 —— ——— 
275 - 275000 s1WHEN TH THE LAD P 22s5001S 35*oFT FROM Lie SUpTe ; 

“29Gb  « ~ ” a7eedoe ce is Fo tele Pete wey pak oe we ame er ened eer G tee ee ee woe re ge 


277 = 2776000 
“278 = 2787000 POURDEEPSSEESERED NG ODREHDERSESENSDEDEDSEORORERE ROEDERER D 
_273.* 2792000 _fTHE HARI ZONTAL REACTION HisH2s =~ 14*850KIPS 
a0 = e802000 j aa . 

281 = 281000. 
"282 “S282 3600, 3 THE SHEAR AT TRE LEFT SUpPSRT Vis {Se3sik!l ps” 
282 - 283 *00u: 
"Ban =” ~ 285.060 
285 2 285000 __ 
235° 6°00 
237 » 287,000 


alae ee eelee on 
a 


THE SHEAR AT THE RIGHT SUPPORT yas 7¢{59KIPS 


283 - 283s000 3 Gyo ye ge oe ee 
2R9 _289+00U H Sn ee ha Ss ee A a i a es els 
29g = "290<000 3 : j 
291 2914000 3 35e9 0 000 _ 216348 0347 
“292 = 892.000, 3 ; : ; 
293 » 2932000 | é 350 10°0 1Be41 219208 2°469 
, 294 “< 234.000 Oe a Pepe noe 
295 ad 2395000 t 356 20¢0. 63481 20¢765 42976 
“296-s— 25650007 Me cece Ace. Rf, ge PNP gia eee rdG ekg Se Se en ree 
237 ° 297 e000 3 359: 30*0 136v22 192BE7 7eB2y 


239. 299,000. == 3540 «1A 12,443 n100814 
‘300°= ~~ 300%0007 : mareEeace 
301° 30reoou 3 350 500 24—5% ‘T4egat eBak7e 


A A ee A A Nt RI NS SL a AR Ce Sy op 


‘392 <7 “302+0007 


393" 3039000 : 35°90 S090 ___ 747205: Leesat #8 ek 74 
“Sos = FORO 3 SS Ra a a Aa 
395 * 305000 35°0 70°0: 791 064 129443 r109814 
IO6us (o. 3068000, ae eee ri war he le yp en ee PO OW Rg Fie ae ee 
397 * 3o7*000 : 35¢6 8or0 _ 71059023 10°557 “429662 
308 = (30889007 °0 7 PO eee So De ete Una ay Re ty egg ae ay 
309 - 309¢00U 35+0 90+0 "99082 82685 “148013 
STO Os F a ee on TS mS ee ee 
344° 314090 : 3570 10090 "63041 69960 4440945 
342 «°° 312¢0du7 7 3 ERE EDS sot Vas Cg ya eet ree iy ghey ap eT 
313° 313-90U ‘. 35.99 41090 °00 50439 9150563 
314 <  3Yes0007 3 Ge ae gM ere Pe Peas AT ae een any et Tomy ey ui ee adverse meter 
315 ° 315<000 : 
3hs- SYGs000° aa “7 es 
347 3176000 H 
3,8 * 3146000 :iWHEN TRE LOAD p  22eS00KS “40¢OFT FROM UTS SUpTe TO 
3149 = 319 e000 4 
320 « 329 +000 i we, o. | ea we wy STE ae Sie gies UNE 
324 * 324 +000 Bdghol Seddch-tnbtebchch hd Sek debkdededatehshhcahebdohhelahedababahtbetcbhcheh Late Ahaha 


3Sg-<-~ S2ES00U- THE HORT ZONTAL- REACTION -HIsHee—[S°OZIRIES etna ee 
323 ¢ 323*00U 
Jeb » 3246900 


4 
¢ 
Y 
* 


C-45 =. 


etn Pee, 


‘ 
arden BSW. 


. Seat Rashee 3 Beeps He 2 Page teamed: 
aa Ms FS Nips elec Oo ai MGR PERS fof oe eee See 
it Nee, Reo HOE BIE ROO ES ee ot eee STR 2 DES AL Tete wag cic mne as ee 


ee pee net OO RN EE TY SNE 


325 2 325-900 os THE SHEAR AT THE LEFT SUPPORT Vie teenies 

3eA > 326 <1 00 

327 - _427+000 

“32a =" 328*000 gYHeE SHEAR AT THE RIGHT SUBAORT vax Ost BER Ips 

329 _*- 329*000 

“33072” 330°0007— : 

334 + 331-000 SH x os N ; Q 

Ge es. 1a geOCU yee ea ge ee ae er a Oe ee a 
33.- _332*00U 


ecjee ea! 


} 
! 
! 
i 
' 
| 
|: 


a ST] | a,c |; ee | |) rs iT 2). a y1,) ae 
a2 e 3352000 +3 . : 
436 3566000 7 F080 TE 
337 = 3375000; 3 
3257S 33 83000; ROO 0 OR RTGS 
3a8 - 339e000 ; _ see 
““ThG:. *_ S¥O0OU 3 OG 3090 TIES 2Oe517, TY 1 ¢} a 
341 # 3410090 : 2 
#38278 S000 3 “hE "4000 COATS TOSS 
363 + 3430000 ; * 
“TeG-s ~3B4HE000- 8 88 T 
345 ©  345e000 : 
“Jeb = "SaEsOGN COCO” BOONTON TT 


347 « 3472000 
“Sa8"S” ~ 34830007 


ee <+\] Re (11> 110 sO) Ee et 


349 = 3492000 H 
35g - 7 350°007 3 “hOe ~~ BG8G 04 267 OO EOE ! 
351 * 351-000 : = 
“392 -" S585G00 4090, —~C*~—“Cs«C‘CT “35365 3+T30 e{Se598 
353 - 353-000 : nee 
384 © 35409007 “OVO C8 6390 I Sora 
355 ~ 3552000 A 
356°* a ae ~ korg” a imei elie | era GL Sige 
357 > 7*000 i 
Seg ON 
359 ~ 359e90U ; 
360 ~ "3609000 “TT TT Ia osama es 
364 ~ 3619000 t1WHEN THE LOAD p 22050018. _SS¢OFT FROM LT+ SUpTs 
362" 736200007" 3 ame et 
363 = 363+°00U 


Ze ETO SIEDTEXTIOTTLLETT LI ITTOTILIT IEEE TICT TELS 
345 ~ 365.000 sTHE HART ZONTAL REACTION HtsH2e- _16¢885K IPS 

366°" ~ 366°9000 ~~ Yo" aap ap Spee wer a 
347 - 367*900 H 

363 * JéRsCQ0 ~~ § 

349 « 369 .00U : 

370 S37 F060 t 

371 37100U H 

372 -" 372.000 ~ 3 

373 373900 Hi 

204 © 3742000 “4 SH “YX i: Sa ea LSE ia aria « (aati ss 


THE SHEAR AT THE LEFTSUPPORT Vie “{3eZ95KI BS 


ee emery omnes 


THE SHEAR AT THE RIGHT SUPPORT v2"  9e20SKIpS _ 


3735 « 375°00U 
a Serna ~ 37690007 
377 = 377-000 


3 4590 0 +00 2ie341 020538 
378 6 37382000 is - - tate Se eh bos 


- 


reaver oe a ne ae a PORT AORN TIRE NAT i Of Arcee xe SSID CE BS ORE on 
shen: - S400 so ee ee 
379 = 379*000 : 456 40°90 - e299 054 212487 wohg? 
380 = PSROCOOU. 0 Gr se ga Ey ee, a er yep TEL ae ne  eeae 
381° 38re00v 3 450. 20°0 ©43¢38 210383 20152 
33273 o S820000 3 a a a ee eG 
343 - 363906 7 4569 3020 "Io e4?- 209873 Sei? 
Saas ae 3 Pe ae ee Oe pS eee) BO ee ee ee ae 
3aS - 5*000 3 529 ’Qr0: 102603 19788 8e384 
336 = sertoe : ; z pa ee 
387° 287000 : _ §5e0 Soro 94078 159982 #10¢695 
“Sea = 3830000 "3 item ae Oe es WA lim mere ener pe se 
389 - 389e90U ss 4500 600 2926 159982 £100695 
359 <— ~ 390¢000 Cel BO ee te PO at pig ECD tp ct ee et tg Crem pany eee ae egret 
391 - 3914¢900 3 &Seg Toro 61261 13°868 #439323 
5 SFT 0] | a j 
393 # 393090 . _ £509 Boro 99226. 419562 9150366 
“394 <= _ F3I4eHG . 7 j ; con 3 
385:°* 395egQuU H 45009 9090 #3220 ‘8¢303: 160830 
S66 S96000U. Se oe Pe ed oe ee 
397 = 3974000 2 4590 400"¢a 764045 72239 0179816 
394° =” 39%s00G0 ~~ F a, = igs pe ee 
399 - 399q0u : a5¢9 41020 e00 _ See3y el Sches 
MBL -aataood | ; Peqpa aie (ve <P =. “ia Sette eo a Ny 
4OoL = 401%000 3 
vga = "4028000 Sp py ed Am pl ey tgp ae Py ae Re ge ge mee ory 
4Q3 « 493-00U : : 
454s > 40400007 FL WHEN THE LOAD p 22050018 SO°OFT FROM LTe SUpYe 
405 = ‘#059000 : . ; : 
406 - 406*000 - —— Sn ee ee yee et 
407 -« 407 «COU FORE EOREEH EH HERE LENE ES EEE EDHERHOEREDEREEOEEARUREE SEDER HD 


4B” ~SORS0O0U THE HORTAGNYAL REACTION HiwH2e “175kOSKTp 
499 = 4096000: i 
419 ~ 41050007 Share 

Hit -~ 411000 s THE SHEAR) AT THE LEFT SUPPORT vis 42¢273xK1PS 
EA mr URLS OU er a ete Senta ee gen ee ee Te 


Re eS oe ete ernie 


A143 = 4132000 : 
4 wo -BL4eQQU = ETHE™ SHEAR AT. THE-RIGHT SUPPORT Y2e S0s227KIPS 


415 * 415¢0900 : 


SL Gwe SAG VOQ0S or rye ina See pur yet ap reat eee ge Ee Me ibe Syn ES Map CEP in eg oe MIE 


417 = 417¢00U : SM x M N 0 


SOT 


419 * 419000 : 
4agy > 42090007 ais 
4a, - 421°000 
42e 8 ~ 4229000 ~ “Tsseoz— 
kag #2326000 

ages — 9250900 eT 
425. « 425 °00U 


BQ QT OT TTT CT 


“BOGOTA EQ TET BETZ 


eevectaaveey 


° 


426" ~ 4260000” 3 “S000 > 3080 L8H > BQSBAIT FEST 
4a7 = 4270000 
4pB © 4289000 * 50*O > AHO 7 TT 878907 - ~~ 208020 REI 


429 = 4299000 
aT 430000 
431° #31000 
44 * 4320000 ‘ 


foomes;) 0] 1 ¢ amma] 0X ¢ eae X-2:3 >|. eames ©: \ 5 eae 100 2 7 ae 


a? 


“SOeo - “6000 7°) 36071 °° Y6e4QT OT To wLTe TEL 


1 
‘ me 


Cat Pe ise 


oe 
“pits, s 


rate 


o 


RRR TS 456 OUT TET 


ese penns. Sewer, Peete re RRR TE SE sade RES SST SS 


SAREE TS ROP OCP TOS Ondo pe a gen Sg Ne ene ee oe 
433 - 433000 H = = : 
“hab ST “43609007 > 808 CI LG TRS 
445 - 4352000 H : 2 EL 
3365 7600 OCC CES STS 
437 + %37 °900 s a 
43a = "4386900 5 Ss S””CO ise 7 97E 
499 © 439 ¢GOU 3 3 
“hag = 4802000 0900080 TIRE OTIS 
4yi °¢  #%1+000 He 
Z *o00U . [oR Ts) 1100 
443 ~ ; #432000 ‘ 
bus > S4e000 
4yS = 4450000 i. 7 
“4Gh6 = 4462000 : ra = 
4y7 © 4470000 tiWHEN THE L@AD p 22050018 SSeoFT FROM “Te SUpTe y 
“Hae Be MRERSOOU SR ee ee Ss wa ea ae 
4y9 = 4490000 
REO @ 450000 ivwpanansnesdenbannnNudivet SeuQOEnateSSDEnENEUNDUERREHOR 
451 « 454 e000 s THE HERIZENTAL REACTION HisH2s 417°578KIPS 
Geese: 4550000" se ee en en Pe aa 
453 493000 .. 


“B55 ——455.000 THE SHEAR AT TRE LEFT SUPPORT Vie IL ec5URIpS 
455 = 4552000 : 


Viet meee mae cere ee mae meme a et oe tee te eens 


457 ~ 4572900 ¢ THE SHEAR AT 1 AT THE RIGHT SUPPGRT y2s 11e250KIPS _ 
aga 452°90007 Sd ee Woon 
459 - 459.000 H : is su 
a9 <0] | a |; a cs ; acs <i , a 
464 > 4629000 i 
ba - ~ 46800007 eee ey is a % aa St PO ARAGe TO wt plaka ale fo? ty ena eaos ae ae 
633 = 463°.00U ’ 55¢09 0 200 20¢385 wbekF5 
464. = 4640090 “73° te te ps tae, oka yg ve ce (arty tee Baler ts 
"465 = 46S6QQU H 55¢9 lose *47 030 20*729 24 ah 
“ERE FEB 000 ; : a 
467 © 4676000 3 559g 200 #62464 20870 °054 
“ga 464 0696 ey ESP gigp ots Sg eae ee ata og Wee 
469 = 469000 . 55+9 30°0 =46002 269658 29968 
hogs 4700008 BTEC eae Ng, ee ee ee en gre 
471 ~*  471°000 4 55°0 4090 2¥56 £99949 60228 
“EJe - 472600 $ . RATES mpeg Se 
473 = 473°00U . 55#0 £000 83040 18°524 90612 
474° ~ 47469000: H = it sen VS Pt teh punit ah SORE aee ha ey at oe 
475. « 475*000 $ 559 600 83910 160487. #129755° 
474 = 4760000 — 3 ie ca an Rae (eee hog ie og 
477 # 477+600 H 55°90 70*0 2056 4396999 {50479 
“EGR es A TRNOO0 ee oe ee ee SS ae ne 
479 © 479+000 : 5590 8000 #46002 41°347 170515 
4RQ = 4802000 : ; 4. 445 ae fe a OP a ae 
BAL = 481+00U $ 55°90 320°0 62064 8+790 = - —s #4 8v 928 
422 —- %82eC0U : ‘ TT eer, as dee ee 
&AZ 483.000 : 55+0 10020. #47630 GehBl ~390838 
“RTS BBG OO tee oars ee Se es Pe < 
435 « 435-000 : 550 41006 00 4e475 9200385 
ba » 4840000 : ‘ sae i ii SO 


ae 


(IRR a 


Se 


' 
of 


FEE Noein Se nae IT EAR EAE EEN ORIN IRE Hey AM Sip are nme 
‘ SE Soe tect . siete : 


anew 


sie ass Sof Pa oo Ay tres 
E ef 
il iii ian 

rs Socde piel la reese meme ner 


HN San ac 
Hee oe 
4 Posen oer oe 


2 


RT OT ee Te OL ern 
ere ee) a) Se zn tin 


I wu ss 


mb sing 


Ey 

: 
ne 
5 € 
‘g * 

ne 


Bye 


« 


. 


a i on aes 


nde tee Carmen acetate patina _ = ee TR, 


ene 


etcarererr So 


Fan 12/28/72 3i30 

$37 +! 4872000 : 

RASS NBRCOOE en ee 
489 « 489-2000 


“WSy =~ B59 6000  : THREN THE LOAD p  aeSoclS SOevorT FROM LY SUp’e ST 


r 
| 


S31 + #31000 
492 = 452-000 
‘493 < 493-000 FOEGPESESEUDOFEOEROSEREDSESOESE SOHNE OHESEEDEESOS STE EEDS 
; Z EACTION Hishde {7*hOaKIPS 
495 = 495900 : 
#96 « &36*e000 
497 = &97¢90U 
“HOS 48800 
4399 @ 499000 ; : . 
“Sq - 500°00U0 THE SHEAR -AY TRE RIGRT SUPPORT y2ue {20e273KIPS 
Soi > Sdteogu pacers Be 
Bye - 502.000 
503° 503-000 
Sqa = 904000 
_505 - 505.000 By a SA te Fi a 
So@ = _506*900 ~:~ ~~ ~~ 880 *0 700 195538 IS 
507 = .,5079000 .. a f . eee 
5048 Ca 50s 9O0u0 E630 . bT Ke) SB5 095 SE IELY} eselOs 
Boga Hos eaGb ee 
“S19 - 656 “2009 C2 Jol t-} er-Tol So, Sn Ty £1. 20m 


Sti = dtteoon. eee : ao whe 
“BLAS S128 GGUS 200 
513 © 43-00U : 
“Sie S000 COSC CSS 
‘S15 = 515-00U 
“BTSs “Sl4s0007 3 —O*«C GST SET STO 
517 - 517°000 ; 
BLE SOS 88 000 80ST OSI 2 ETO 
$19 ~«  54£9+00U : ; Pte: 
S20 5267000 3 a-yeXTe) 76°6 a oem & 1) CT 
Sai  $21+000 : é 
sy Y-mereeeet-1-1-010\ || eae Sa 101: Re (0 1: ee © iL eens CL 01 | a CE. 
~83TIE BOE EE 


e 


THE SHEAR AY THE LEFT SUppORT vis 10¢227KIpS 


SM x - mo oN Q 


alee voles calc erloe calec colon co] ca arleeasice colon on 


welee colon solee 


ee eelee 


‘S23 » 523-000 
~Say-* — S2Ks0007 


TTB OUON —I000°~ 


wo colon oc ee 


52a 3" S2R0000 BST LO 
pee Sean ote a 


se ee ee ee ee ea NE MONT AMOR arma Nba Hinge cine te on 


A em Re ee en ee NOR a OEE NONE 


ee —_ ee 

ee ~ ~ ae re tne ame mee Ae em ee eR ER ate ee ate Beaneemntntr as em, 

nen re On  saetacireienetemaas aamemmamphesen ae tmauteeen teem teen ctencmer era eee mmr a ee nn 
eee me A tere ee ee ne ont nd 


. 
sone eect Marty tae hs i tines it can? Siti ten eat meres se, ot Coop enamels ponvesllingld Cy 
> > F “ 


ERE lie sz ye Digs 5 = 7 : z cae . 
ee eR a Sein BE Oe - PS ot wp eee. 2 ~ bs a wht» 2 =: a — woe 
SE wa SE Ta OF 1S PERT SRP memes « ae ate RM te EE EME Bae RN a tee neg. ahs etag ea” 


a Di FR eT ee tl oe the 


ein ait 


+ 


eRe ate RN 


a ey “e my ~ os “~ ba 3 * vy 
ov Sy a oe ce 
Task SEE NILE, MONEE OR SN IY GOOD O O PE NOL ELT OTC OL AEN RE CEN, fm hth be pe oe 
a oJ 


We oy 


‘ 


rr) 


‘ 
1 
~“ 


27.512 


(4 27 


* 
+ en ee eo 
¢ 
_ 
= 


Ee. 


t 
S/S 
. ' 
H 
n . 
{ H 
4 t 
———— 
» 


22). 9 
1S pon 
4 
. : 
. « 1 « 
ee ean, erate tn aroertnnnrrnanpearmanion 


Cro | 
= 
_——--' 


57) 


* 
1 : + 
+ eae mee mee uy see ane ae oom res mer emenee 
, 
. 


’ 
t 
i 


! 
fk 


‘ 
I ee en 
roa 


a mane 


H 


Rae ee y 1S 


. mS ue F i 
" 


t 
¥ 
: 
‘ 

s 
s 


vi 17 pM alee ge ie ae anatomy, . anaeainme 
« 


* t 


~ 


co Sift eb caareel 


ie! 


ee Pee) od ames wemefe ~ ene 
| ‘ 5 
. 


” 
4 


_ 


3 
I 
7 
* 
H 
! 
: 
6 


mene oe te - 
' 
‘i . 
. 
tase 
- = 
* 
Seow ox 
. ‘ . 
. ‘ 
« ° bs 
on cee ne erent nm ee oa ae Se ete mene etelen coe amen mentee See nea wena 
x 
. Hy . 
: 
se eee a oe ere owe he me 
© 


e 


theca 
. 


oe 
EE ated ities setimesmecnnt a mee 
* 
a ee oe 


‘ 


be 


et ee ed 
. 


ry 
+ 4 
' ; 
aa 
a 
H 
1 2 
{ bs 
eine 
' t 
2 
i ; 
ni 
t 
vee 
an. 
4 . 
7 
ow wanes oe oohanes ver 
a 
at oe 


‘ 
Senamnet Seeman 
we 
a 


= fg oe ‘ 


“ie, 


i { 
t 
. { i] 
: i a ee 
; $ } : 
t 
ae 
espe sitios 
: - 
gah is 
ee he is oc 
; : 
a ee 
JSS deste kas easier te yelens tat 
eae 
t t 
ue svoeuatetane, ve 
es ; 
; 


- 
<* 


Compu te 19 @: load M 


x 
1 


25) 25 
jie) Tio 


* 


ENS IB tins a Like at 
, 


awd ot eee 
wa aware 


© eee we oom a 
\' : 


rs 7 
, _ : 
Se ee ee ee eee eee amen ane ae mee - amen 
, 
t 
| 


' 
- 
ome teem ery ae ee 


7 
5 H H 
: 
ena Soe 
olen: : 
‘ } 1 
7 es wreee Seen x m0 
’ . 
4 . 
eee mee 
ma # 
: 
ee qe mee nmee mode = 0: 


. 
* 


tt. 
; j a | oo fae i a i - . ow wet —- 
; sore ” 4 } é 
. ee tees : 
ae ie ae a Gace baa Gan te ESL 
id bs a : pits secccbenas = ee oe bas of Be: ieee ae z . 
y | Sok stoke ae tn OR : 0 ea oe eae I; a | ee - . . 
iy iN ; 
ie eee ee [|_| ee etalon ei 3 
é | 7 ‘ SA a otha bce PY i a 
; . t i ~~ H e 
‘ H ‘. ‘ os | — in aml a ieee re : . . 
; hte a ies el a ee 
t H] ry oe poupany ees eeey rs oe i , : : 
ae bea ae Bee ea Ae 
* ‘ wa se eS Ce re {- ree | ae “a 4 = : 
i : : 
. ' ‘ 5 ons ld 7 i < | ve dee aren | H { > | se 4. ' 1 a i 
: : | ee ; i : . 
‘ be a we H -_ ee iz a ame e : a - | a has &| : » , . 
ae ' . g 
= | f Neg Tosca fick =e ee : ; wo -+—| wed of al. ae ‘ 
ats Po H Ae Ly ae ee A c's 
ipo t toe eetet | 2 | te aad er {- be | Io : 
l { | “| H | i , ‘ : ‘ t in ~ 2 
: : pep bes a oe Pee Ns | - f Rye cm 
t ! 7 ' " H - 
f 1 eae ee Fae tS = 
yl ee aie ae an 1. gp ol. siete ait 
A] to td N I- | o Fg 
Ae : he as, Nae RN, Se Rest a 
‘ | a ; ‘ F | > 


‘ 
i 
{ 
H 
we ee ore 00 em aban meet 
‘¥ e 
i i t Hy 
Spee cenneemmmunee es ae a Ne + gemeenneenneennonene «a 6 
ae | 
t 


7 2 
. : > 
: * . : 
ved mee pocn es ‘ ; : 
ke H : sv 8 
5 ‘ I : 
sale we fein ns we be ee | - re ww te an - tess ; { soe tot . 8 
. i ’ ’ yl H . » ! 
. i | H : . : ' i ‘ Uy > x ~ 
~ the tee wha. ere tee De » +e ‘ : : . . . 
‘ r : i ; i ' 
&! i i t i 
i J | aes t t , ' « . 
&. > 
dota eS 4, i * is # eo 


Por > * - 


> Leen restoring RN Ri udlecmneeh = Sia eight ron gallery nay cles ips AOU sine meedinteneaeth deal onc alvin tomaer tM gar a enews Jt thie Nee. oe eg aS ree 


ee ees 


Loa 
Ze 
4/0 


eee 


1 
{ 
U 


@ 


ee ee! ech to eal aie ees Loe 
a :y 
eee : 5 : . 
tees Beas. . : t . 
Heel De aati loa te hae bei aies a 
é p a fms be 4 Poe =p homed t+ pean, at = : 4 ool ‘ 
alee) fee ey ee ee wfebSeb o 
: ; eanes| waece ges | Pe ae a , F ae ones 1 | “4 { I wa 
| ' i aN ; 
wm focveel = f= 1 % | |. | oy ae | : 
‘ 5 H he | | ‘ [ { 
jy ete eery fn i‘ t wn {- t wae a A de + iY 
j i é 
| vee! | | : pot. f.b MN 1 8: 
net eo eb PT ot ge 
ie Seen eee 
| a ; a5 t ' Lae > tt 
fee ii 
ba eS ae! ool Lapee is 
bee Ke snes ae: . f - ! “lS 
qth . Peg ce [ ” : _—_[ 
| i 
‘ioe 


= 7 


ee ea 
x 
cy 


i 


* 
‘ 
. 
! 


ah 
dlens(l- 


. 
' 
: 
1 
1 


7 
OUP UPS 


Ae ENO CO tT A te EY NOS mm 


- 
. 


1, aera ae ate mee a | mS 
* . 
te ee acon cmmint B. ee ee ee in em ee rer 


, 
¥ 


| 


, 
¥ 


- awa SE ERR ot 
RAE 


ae 


ae . . a , : 
i 
sores : 


RE TE: 
Ne ye ies + 
28 ALP Searw es. 

pal piiad ES VEE 


rue 


ove 


Ps 
ROG, WOR CRE ge oe pt one 
A de Me a, a Rig aan aioe on ete onan 


pperes 


ee a a Stes 
pene wa ey Peas he 


ae 


‘ 
Hae name ge wage 


SERPS FS 


SO ne, 


oi 
Pas 


tet 


A= /O 7 
y= 20 AG 7.70 
one 25 T= GFh.27 
Dre 220- Mx G2,297 


208. OF 


re go 
pas 22 NIE £LOP 
mn TE pf> G25¢ 
msGo p= 89.22 


93. 24 
ze 70 
Yy=2e 12 -&/108 
(pe Go = “9/07 
77 = G0 M- OFT. 
- 266.99 
z= Co 


frie Go a= af0.dF 

ye & 142 - Sd. de 

71730 M2 -60./8 
~/&/./0 


Mig= (22-8)(20) (/- 73) —(2GtES)(IN GFZ) = /07Z.02 


(772 = Zo >) 


(22.3) Bel 25), 


Mes = 


(772 32) 


Syrwtazion oF Tone 


SN gee Baten et ss leet ORES KG SMD TEE EM ET 


zsZo < 
/M= 210.07 
11.= 187. oF 
(hx 108 44. 
477.07 


X= So. 

= -46.7/ 
A1= -9.9/ 
= FSS. 

o 27.07 


x=fO 
M= -f7-e0 
14> -99.9F 


- 294,60 /IAx(-) 


K= 2S 
4= 162.02 
/1= 2/0. FS 
M = 182 .8/ 


$23./65 Max.C+) 


(/3-270N 19.2162) = ($20.8 27 


Sp OO: 2 EE TS 


ee he vette maple a ed cailinn 


om, peal ae § 
eee ae heir ls Sean Ve) weeds 


e€ CaerricAl Lonnie: 


KF =Zo. 


M*/$5,7/ 
_ A= 177. Zo 


472.45 


X= Go 
Mz= -57.6Z 
M9 ~B/.08 
M= -57.82 

-/76.49 


KPO 
M= -73.4F 
(4 = -&7.77 
M* -96,08. 

-2$9.42 


2 EE 0 IS TES PER Orr a ence 


vee ee cw penne seem atest, EE PILAR AL ERO SING te BILLY LEELA TALE ET HE eI te RES SIP ELE ETON tt. 


"Cable: 


Ted 


is > 5) 
ss 8 E “p74 3. ghY dF, 
2, 26: 3002.42 ate) * 
: ; j _ Sees 


Pe eee A ee ERR See SOE Ome ew ne oe 
* ‘ 
ry 


J 
U 
’ 
i 
: 


(ox 


oe 
— aberans 


* 


” . . ’ . * 
rn rr rere teens en ene er een ners etree een © NE TENA CEREAL GNAE Sa 
; * .: . < * 
4 
* 
. 


Es « : 
i : 
» . 
+ 
. 7 . 
ry a . 
: 
One ne oe RR er EE SS ERE SOE HOE SN ARN 
* ¥ * 


te: 


{ 
: 
i | 
' 
t oe? 
pete Lae 
a! 
Tt 


‘ 
x 


ee 


pore? 
BS. Ver : 


_, (Maz. 


Oceore.._. 
J 
' 

ay a 


2g. 


22. 
Vi 


cad. 
ona 


Talk ZL 


‘ 


MM OR tate Tova es 
POP | = + 


Pattee Seantiad edn sp aed ls 


sLAzvo fale J REssu OES £ 7A. ARIE SF CESSES: = 


aa 


. > 


ax. BeNnoinée opens tS 
$2315 kIP-fT-* 0.278% 10% 
[MN ~ LEE» 


iF a= or 
f= .6° 


FABRIC SrRESS DVE fe. Benoi/G CS_)° 
ld 


GB" BN (AB ALFRSING GY, 


MM (ASSUIE WEB CARRIES Me oA >) 
EN Cre par? sul CG) 


iSe = AT ; 
Z22¢7 Nr? 


Je PREVENT COmPeEssion KATECRE G. ~ Sp 


FABLE STRESS 2YE Fo. Le PECA F(A C- Se) 
a2 P (ris (Ge) + ab) . P | 
‘a Pr sur (Yr) WEB CARRIES Na LoAo) 
Oo 
Sr 2r sw GH) 


= Leaeitieer sant Sheeemeemenmmneeneiel i) S 2s, 
“as Ceo (Hy) tab Lo BS 8 


(Sa 2rd (si UG) 
re? sh. 6) 4 98re 


$B il 
f= fee OPTED a S14 Mr F fee N= 
Pt @.278K/0 ° w= L035. 


P= Looe wf0% fp (488. /0*) 


=a <a ? aa os * 4 = z ee waters eee sy Ne Tos ETT sppeunenserag’ a 
= SHE 8 eh na PEELE PS ABAIR LNT Bien sacha Ses agate Merge TOS: co ne gE Se ; 


pees aR > RelA DLT tI ein PRIN Et seftoell ocematll Mate ABR Be 8, 


« i, ¥ 2 z ie 
Shar. Loneizpeotwat — i 
De 5 fd | ' 
ee CE 24 Are} Res eos : 
oe ; ‘ VE = OTE RIO” gif LBS. : 
B= 2.996 410% fr? (2és./iv-) es 
/1Ask. TRansveese: FABRIC Syeess: | 
S,= Pr 


FT 


7 ‘ 
we ee rR oe ce ie eae eth ene ay a ee 
i at £36 # a eee . 


“4 
1 
fa 


528 Say. FoRweT 


Ls £386: RebaD> o 


590° Pas ee. OAC R ARR? 


ee WADS ‘Sha27zANGG¥ cHeny. 
» “9 8Q: SBePah a en 
340 PRINT Det Sta8e° ~ 
"70, NEXT 2 
et END 
2 
te : dover Paess:(ees,/ 
a Dia -  'FMOT. Al. 
a eh, 9255926. 
2s 2742348 
4 45574) ; 
5 $9.52593: 
6 34.2936 
4 24S959 
8 148 4676 
9 106 FSLE- 
10. T4074}. 
Sy S.S6589: 
12 4628669. 
13 *  “$437260: 
ja 2659 ae 
1S 2015478 
80 HALT 
>SYS 
EBYE 
12/277 72 VAs58 
‘CLT Tr 


ecu: Qs020 


FoR des te £5. STEP 1 


Soe 


Bates 
Faneses 


sat)  Sreess 


Geer). 


PILL St 


9104.44 


2155686. ‘ 
1583290 os 
4212667 
9580162: 


1MGat kL 


babe dhe | 
$38.966. 


459237 
995-975 
3040938 


277% 678 
$9776.78. 


$234057 


- 907.089 
bIae4ae 
S48. 697 
Wheada 
267.309 © 
308.642. 


262.985 
226.757 
1976531. 


* 


le act 


an A 
. 3 > Pe en ia the tne a 
eer nel Be La ARN, EE EAE Nf TTT TES «+ Me ARNE SS BORO 


a LED Lew bIrueINa. Z 
FABHIC STRESS. 
' 


TRANSVERSE FABRIC - 
TEESS 


J Feesseee (268. / it) 


A F/O 


) 2 8 ¢ § @ F BB ¥ Ye Hw ve 


Liaaepes (ep) 


Lek SOLD: DIMETER ALC : : . 
 ptAx. Lond. FAbGRIE STRESS = 770 ¢&3- fre. 
TRANS. FASC s7Reess2 Add gies. fis. 
INF ‘AION fRLEES OLE F 7.6 &BS. jive 


Sek s 


a 
we tere IES Cel PETRI RTS 


c- 58 


+ tae ed * Ce ss = e : ioe < ae f = 


fo! 


; Oveente. Dirdetsyorls~ Vip Wk B2°6 H 
FABRE Sfeess- 776 463.f1- ' 
; Pipiazierd PRESSOLE” Jf 695. fil = 


VoloMe * Ce) f (ann rey /4 - (9.276) - (8)(4- a)] x 1267 2856 fr4 


Soerace Azear (2) ROM Ie) - (2%27)] [26> 416% Fr™ 


CG MAR 


“+e 


N 
\ 


) 
3 
Et 
4 
4 


ee te ee Re ee ee eee ormrman cehanee te E  —Ae L OE NRETES, LMOA  TEG 


*) 


2 6 


S 


ty. 
* 


SUSPEN 


2 


PT_N 


ERSE 


CONCE 


a 


WV 


J 


, % + 


- 


I a . ‘ 3 a « 2 ; 


Pee e Re Cee ae sey te mare Fy warn 


> °e as. 


ivERSE Suspinsiar PRiogz= CoN cEryz * 
Design! DATA: 
LENGTH FIIORT: | : ce es aes ae ae 


WITH oF ROADWAY = /@ FF: 
MAX. LOAD.= BO Fons 


face aaa irha oA itedntciguaht wpb Sais Hada peli hae Saeed liax esse ahacan aie 


pe Fidetares os antes es 
cote ey 


J0ges 


' 
ASE, “Gl BSERSSSOEL NSTI ET be Mar BT 


ase ope 
a BATS, 


INFLATA BLE 
fr ltlhErR 


—— FEeysieN SL 4 
SYSPEM j 
, SécrioW “ 
Litiee Brsperg * 
Se “: 
Lote 129,002 
——e? Pxa ra : a o — eee aceal iai rg = ¢ 23s ne © 
Soe Ped Ug )( 1s) Yi Fean WE W 


S ; 
Sip ler) = ddI} = 192 23%. Jv, 


tom 


Si=KI SEARCH 


Re be ? yin sos wate ie ae 
BAe ronnie yaaa odin poly zai ealiaia ed ed 7” 
id ithe : Tare . mi nad 
. te oe " vs me 
i 


H2/387 *32 11253 ou 
, $LOGIN: 1$078RD.c, - 
~  ED=::D. - : ae 

'BASIC : 

>10 FOR Bel T2315 i 

>20 LET Fi=(€C4sB4B)+ (11081 1099708813) 9 : ; Or] 

>30 LET AmATNCSS/(R-B)) a 

>40 LET T=120000/SINCA) : 

>S0 LET CxT#C@Sca) . ees 
>60 PRINT BsRoAsTsC Bee tee 

>70 NEXT B i. 

>80 END be 

>RUN — S ae 

11256 012718 (ez) Avele Chae) JEwsiert Cra PRES sites FE 

1B 1513 eke 330109E+06 3.29891 E+06 bs 

-2 7574250 TeREISZE“02 -—«- NSESAIBELOG §=—«_-1:« 6 47BVE+NE- bie 

3 505.667 2108983 1e10327E+06 1.096 73E 486. i 
4 380.125 0145199 829364. ‘$20635. i 
5 305 2181320 665455. $545 45% s 
6 255.083 2217322 556545. 543455%: 43 
7 219.571 0253184 47906S- 463792: a 
8 193.063 2288883 A212276 403773 a oe 
9 172.556 ° 324398 376485~- 3568485. aed ” 
10 156-250 © 359707 340909. 239091«: a stek 

rw 143, © 39.4791 312000. 2880606 

12 132.042 ° 429631 2B8GFt.. 261909. e 
13 122.846 46.4208 BbR0286 239664. 4 
14. 175.036 «498504 256987. 220442. | 
15 108.333 532504 296664. 2036566 cn 

80: HALT 

SYS ee 

1 BYE : tie 

12/18/ "72 11358 4 

CLT 5 

CCU 0.012 f 

Us 


ri € 


if 


Sa 


¢ 


ite 
1 RS 
; 
; 
-? 
i 
a 
z, 
fe 
i 
{4 
be 


-& 


ee oe a 7 meron scare he e Botege oo Beton ees 
~ a : ‘s Sa - 25 bea ae e: foes : Be x es at z oe ahs 
a ee = : 
A VE STIGOATE sy. Cones Si 2 


i cpabemueideday ss 2 ucla 


2 2 : - 4 : . = ; 
— = 7 : = ; 


Verran OCCURES WHEN PVE AT a a7 Aa 


a ey, P=) 


5 


‘ 
2: ae 
sar sete cae Abt Co) 


6 FF cose 7 4 
ah : 
FOR f= /20,000 4es j 
/. i ; em ° ah 2 


x 


Pe ae + ‘ae 
a et = 
EL OF: ). 


boi 


: Le LOMERESS Sat Ve 


A 
ae 

# 
¥ 


lag ete Lathes 


B- BE, 


f 


é 
: i an, 
fea i . 
J Poe 4 
_& 
“a oT 
; ks 


200 _ 4oO0 Goo E00 /000 {200 [400 


AX 25QJERSEARCH 

124187 *72. 14330 

LOGIN 1507BRD2C. 

ip= A 

TBASIC 

>10- LET C=101818 

220 FOR P=10 TO 25 

>30 LET D=SOR¢ (40 )/(P 23.14) 
>40. LET S=P*#(D/2) 

>50: PRINT PsDsS 


>60 NEXT P 
>70- END. - z 
* >RUN * j a 

14233 Dia- Faerie Seess” 
10 PP 113.888 569-439 
11 168 «588 597.233 
12 103965 6232790 
13 99 «8863 649-261 
14 9602528 6730770 
1s; 9229891 697.418 
16 90.0363 7202290 
47 8723480 742-458 
i8 84.8870 763-983 
9 82.6229 184.918 
20: - 805309 805 309 
21 186 5901 8250196 
p22 Ue 7832: 844.615 
23. 5.0954. 863-597 
24. = 5143 ‘B820172 
25 7260290 900.363 
70° HALT: 

>SYS 

!BYE 

12/18/ *72 14334 

CLT 3 

CCU 0.010 


COs 


saute = Semen, 9 at Cn Ea ae -aa SANE re ine carne pte Ne De ate he 
te = een tT LANE LE RINE ACO CT ~ 


nT Me mek A Seale ey SERRE peta - NER UERN neh ROT PRAIA are 
ei $ * 


se eM on epee 


C= 205,656 teh e 


fer 3B /3 7: 


S* 236,64 £85. 


236,364 1E5 , Ve 


Z bane wot of Waar) © CEN /2/er) 


E= /23/ ¢asfil. 


t 


-_ 


Tvsee Diamezer Cin) 


/14 


a ep 
2) /0 20 So 


INplazion FRESSYRE (483. / iv. z) 


C-O4 


a ee mag 
iA ARS, ata aes 


c 

a ie 
Nac 
4 


7 
L 


RET ye” 


¢ 


ye noe a Ea 


eae Sy 


i 


ef 


{ 


i ‘ 
a ! ar - 
BB Apel / Wee fA RRND TRAE SPIER DIP ROE NIE oe? 


ie he tad 


Dass 


et 


ae [Comreessy ev 7oges 
a /4¢ 435 /s Ww iWplazien PRESS. 


“, 


TENSION Sting — $231 LES/ iV, Coe wip) 


DS ed 


Overt. Lygensiaws- F2 eT WX 9 

fa eIPIC Sy FESS GIA £85. fis. 

IME LATION (@ESSURE- [tes Jyr/* 

Vinge - 7egés - (WKB x ox 22 11,088 pp. 
Fretéie (2) ye IBN 1G) * 1) Coos? 

Je8ES ~ (THEM Io2)= F527 rr 

freee (UG) sia) + (UeNie) tl ble) = GE 27 


See cz ALEA- 


NIELS RIS ST, EAN MIRC SELL VAIN UMLRY CRO er > sega cepa oo ures arta Peak Sc gh Di SO en eh . 
‘ 
ian 
' 
' 
‘ 
v 
] , 
™ Bea 
) \ : 
b , 
= wn a 
| | uJ = O S 
! =) = Quy : 
coun | f . So 
« ie 
S) b op 
= ; 
‘ ote ~ 
} 4 = ) t 
5 
{ i : 2 . 
“ a \ 
is 
' 
v ¥ 
, _ 5 
> ‘ te 
‘ ‘ 
: ‘ es : 


Se ee gee “ 
gp mena appa teeny some 8 Pt He 


ne alee ae piper : 


cies Se Te a 
ote ve gi 

Spe nen SIE CeCe aE ORI 

hy rm Ene emis cits eetnnii cereus 


«ha ie 


ete 


ae 


St MPR, fe ee 


OSS 


ee ne Re Ree iret EG GEE CE One, ais amen ITS OR ee bg Sian 


o* 


CIRCULAR 


ars 


Teses with Sere 


Ps - COMECE, 
DEesien Daya: 
LEMGTH = 1{0 FF: 


WiBye oF FOAD WAY = /& EP 
MAX. LOAD = GO rows 


/( Sree Traces 
rat 


Ls 


Dual Wall FKoAoway 
"Mai TUBES 
ee Conrad AEIGHNT oF 


SUPPORT FUSE BY 
VARYING = PRESPURE 


SECzionW/ 


Tibi Dian) PIECE REO. AT BEACH OL CAUSEWAY END 
yr KAP 

: +S) Ss ~ v7, ee 
Wa WIG OBINE b S7MESS (inpeA vie S$ ‘ 4M 
lowdlpubinatl sreess (mMomEenyz) Vapea® Wa ® 


, 2,4). Cart 
pis bazioN JRESSURE yo ES/ST BEN OISMG pep Flr7/" os 


San. PALE S7CEES = (7 La Ne 2) a ey 
| C-Ole 


aA 


MM A ee dit gt Re ye rete eee Re el et TR Dai ala ale 


ats 


we 


tee BeBe 
See aE ee eae 


Se a = 
ta SS 
c hy 


ff LESH. VOGAL E 
<_ 


VARIOOS BENDING MIOAENT CorloizIOWS : 


oe Ye_ hy ae < 
iE { [?= 120,000 es. 


fe Tt % 4 2 Herp 


N3dxsoUpp-tes) 
vA £3 joy Z : 
l Sopp Mortem SUrtax)™ a4 (PU 2) (ero Haro Boon) 


132. 
Muqax.)= G4 (120,000 $5) 


yar) = 1340, O25 pr-las. 
, = “fos 088 x 10% WW-LES, 


~~ 


(Sol Ve _ BY THREE AIOMEM) _£OUA) jet) 
3 | - 
(55) #(2UMa)(110) + Me (85) 2 
- (120,000) (29.6N27. 5+ Va) 
¢p + Ie* - £475,000 tyz:- Las.) 


x 


OL th, °.O Mg (64) ts 2/de (570) + /4 (oy 
(/20,000) 27.5) —l~ 707, 1d3)* Sb Ke Mp = ~2Me 


Aig 7 12,875 4@5. 


1 REA RD 4 Ka* AZ, 199 Les. -8Mzg +/1¢= - 2 475,000 


[94,5 223,971 Fr-Les. 


ey OL Mero Mg= ~ 707 143 FJ--*&3. 


~ 253,57) + (- 707,/¢3) + G5fg =O 
Fig= (7,286 £85. 


4,20 AF “+2, 2PG 485 (ACTS cowl) 


(Le 

Seat SHEAR 
jE.o | 
aka 263% 


SA iaae)*= +) 296, POO fF- LBS. 


wz [SE GSOXK SO Oph BS. 


maser atate nn sueananeatom se cnamremnnr oe A : ae ; a : Rice ae Aree “ze 


2 ‘a 
feet a AS Ct DENA ETI AOE E LLANE TE AEDT AEE IL GAM ATOR A HAE HT 


f 
d 


TA 
te roast Sr 


on coe 


ee 


ae 


ortige 
RES 


Creel nes Tamale DNR OSE EL | URSA TR 
ee > e » & » dan 


ee ae eee ee 
i .4 2 


we 


xoc 


CCU 0-020 


-RSEARCH 28 fe be. 
O8/03/ '73 12754 ee 
ILOGINe . STEFF : oo a 
SLOGIN: 1SO7BRDsC. _ . ¢ 3 
ID= B - : : Se ee ‘ 
_ YBASzC ‘ - isi 
>10 FOR D=&60 T@ 120 STEP 6 : 7 
>20 M=8044000 (44. rv), me — 
>80 P=C16%M)/(3.14sD4#DeD) ° oan 
*40 Se(P#D)/2 : - ye 
>50 PRINT DsPsS , ae 
260 NEXT D o 
> $9 ; nos 
RUN. (gaejyst) Lom put} : 
12:56 01703 ess: Syeass Aon 
60 Dia 189-762 3692285 * ‘ 
66 Cin) 142.571 4704-84 -f- 
72. 1090816 3953.37 cae: 
78 86 3731 3368.55 Le 
90, 56.2257 2530.16 “Leg 
96 46.3285 2223.77 is 
102 38.6244 1969285 4 
108 32.5380 1757605 pire 
114 27-6661 1576.97 ro 
120 23.7202 1423-21 e 
5 
ws 
70 HALT Ae 
210 FOR D260. TO 120 STEP 6 oo 
»20 M= [7776000 (44. yeas - rixco. an) 4 
230 P=(164M)/ (3. 1 48D%De59- : 
>40 S=(P#D)/2 i 
>S50 PRINT DsPsS a ; 
+60 NEXT D bey 
>70° END a 
SRUN 1 
12:59 : a 
60 183% 439 5503.18 a 
6 137.821 4548-09 5 4 
72 1060157 3821.66 
78 B304954 3256632 : 
B4 66-8511 2807-75 : 
90 54.3524 2445-86 
96 44.7850 2149.68 
102 373376 1904.22 
108. _ 31-4540 1698-51 
114 26.7443 1924.43 
120 22-9299 1375.80 
70 KALT 
>SYS 
BYE 
01/037 °73 12:59° 
CLT 4 * 


: . tes ay 

, : ~ a Fi 
ae . ‘ 

ts we 

aes if 

7 e 

A 

aa * =e pai pris oe % o¢ i 
“owt. = E 

: 


LOSE OSE abe Soe een 


“or (hr TUBES 


| FE QUIREMENTS 


- ~ af + 4 C 7 e 
™ - + 


ENDS SIMPLY SUPPORTED: 


‘nor Z8s-fin-). 


we 


eee MbE3. fel =. 


SS. ' 


FRE 
£e- 
® aw 
nce aiemeenee 
TRE 


resto mk ny | tat ner HERR SI ety EE 


leLafiod 


ve , 
a 
. + 
. ned Pp 
: 
4 
4 


eae nf a : Ss - as i 
60 6a 72 WT G fe 76 for #08 Hd 2° : | 
! 


7Tuse Qlamezer (1s) 


FO LA. = (201 F Soper 

Bop BNAS S/MPLY FUPPOEFED + 
pe 23.7 tes. fy? a= (422 £85. fn. 
OAS Ne fewete! 


ye= 22.9 2as./i*® = 1876 2s. fi. | : 


Cra? 


TRA CL Space ow Go yes TANE® [[5iW. 
TkackK Weiern = 27" Use 96" Syppokr Teacr. - 


‘ / Lf. ae Go, 0062685 : 5 ee 4 
i WANE L£OABING PER Med = Clcewn? is 
+ (4 Seale) + EG ates (iit 


(Pee tRAGK) 


fe +HELMNARY O881ér/, CoVSiDEEe Fadl. LoApiW/G CericAl, 
Bawtiis Mortuny 1 Duad wath 2. Aen Wplijed Ean. 7e 


Ane Jocal eared ECTIOM FO A KINi04 OF. | 

Leal bratL LPesrer/ - Om fF Ley a= ATL | 

i 

d= Pode 7 ; 

R= (are b®)les (Uy gb)8¢ S28 2 (2.69b%)@= pedh : 

d= 16¢b-hsb= P66 

if AllowEa yo eaErFlecr fo Wes we, zHEen 

. AREA BF GONTAES = (26) wiozy of selAce) = 72& CnJ/*) (for d= .3¢) : 

Comp 2 \ Ie 685 fin )( 24) * 672 b (ees) 

INFLATION PRESSURE = COAL, aay 2 CFF 26 eas. jet? 

a ” = / A = a: : 

_ Ferme FB Fp b= Nod = BAF 00 (SIP) SA)* LPB IN. 

$7 pes (7. 6)(9) = G6. 5 aes. file 


7?” Oirdensiod Wikk HAVE yo BE REDUCED FoR GHER YEWIEleSs 
YEE THE PPS Aldopnwes. GEN DING Mrorseniy with 


“EPEC JHE Duad Wal BEAr fKAgwle GRESSES. 
2 ne bt ntl Ae 


* Qyerate Dirtensiglé= " 20 fr Ww yx Leer 2 


LT BE FeESS - f/d2?3 £as. Jil. 
pee FRESSOLE - 23. 7 £83.f) tae 
Voloorer Teses- 2x HINT, x t1o'= 17,279 £77 
Doslwall=- CTI. 5) yx 18'X 73 = 2,322 fr? 


Siacdcr Atea~ Joaes ~ (1ilo)l2)( ye) CFI prF 


Dual watt (ENL5N 110) = 2% 7ep7.% 


e-7l 


ae TVEE Titel CONCEPT eo He tee : 


ey 00 DE SIGID DATA: 
“ay IWSIPE YWioTH ~ (GFT, 
Com INSIDE wHaetEeHT — (GFT. 


5 LENGTH *= J|/OFT: - ; 
: LoADdD- GO Tews : . 


THE LGAX/MUIN BENDING MOMEBT VIITH A TAHIR AT Mta SPAN 


i= is M-= £2 20000 (n0) . 


t. eZ Z 3.200, 099 FT, 485, 


a 4 RAMP cee8S SESTIOnW 15 - 
EP CLESSULE TUBES 
L- 32 7 
| * 
- . 
| a BIAS PLY SIO WEBS 
4 
| a OB ENS eX” 
‘ee | 
j ae . +< 
Mec A 
bas Wenn ’ 
| | wy 
‘np ae ae | 
. { : 
| 
} 
1 
| 


/F GIPE WEBB BARE Y WO FILEAR THE? MOMEUIT PER 


TUBE is ww? gp va ono. * : % 
lane = mee FZ 22% —- ost SIS Oa ie 
‘ ere wy 
€ Pee - 
: TYE BRIDE FFaatE IS 


Sy = fH, = ¢(825020) . 1040/3 */ 


wen 


Tue PRESSURE £EG'O. 1 - 
. Pa AS, 41368) « 57 pss. 
2 :: 96 
" beast, Tee as Poo 7, 


=n = Ph . 57796) Gs = 27326 whe 


/ fF Sloe uses 


: oe ee Pes SSE BEAA: ; “yarn . MomEMTS ABOUT 
THE Cu Teer oe THe “powse, ruses | ; 
: Ph ty, 2H 8 | 
we Zé: Bs 2rP* “ 
y b . jo eh 
; Pi - seid). fle 
. PF pil saan 2 LOUIE mw 18 6S pe 
Br ijerAj Gr BE hot 8) . 
. = 9,5 ps, 
lax, STREP Is 
Sp 2 fhe 7 9,552} ee oa) #/, 
2 ee 


Crewe tt, Dyin stots - IGP: W A S27. A 
faze. Sreess~- 0796 465. fie- No Wee ConzRisuzjoN 


486 LBBJIN - WL WES CONTE Uva 
dephaylonl ~ 37 2es.firt* - ple WEE CONT RIBOZ1+ON 
JO 108. bin *- W/ wee CONTEST) OS 


(7H 8)" j 
Voluppe ~ GH (es x sho = 2817 £7” 


Sosnece AaEer= 22 (THE K jlo! = /,o6E er? 


2-73 , 


SE Tg ee ae RC ge A Oe ae, CREER BOOS CEN PRE eo: Se eee Raa ee OR Rn a SORES ROE Fe 


\ BR 
1 1 > 
ee i : f 
‘ 
: 
‘ 
, N 
’ ' . , 
a ' 
ut . , ‘ : . 
ws F : 1 
3 i 
‘ ‘ % ' . , 
, : 
, 
1 : . 1 
” , van my ) 
im ee , 
1 + 1 : 
, , 1 
‘ we . , By Aare 
tg i y | bey i . 1 
> ‘ i ‘ 
Ni ; 
ni My ’ 
‘ y \ . Ne 
Vy , al , 4 
wl ; 1 a 
+ " ef } PO Rgere 
1: ' ‘ 
eos 
i roo teag Bs 
“ ‘ ; 7 \ ‘ ‘ 
\ ' 
Fi A , , ‘ yy 
. , E Me ee Asp uA 
! . ny . 
' 1 R ' ! n . ee ' 
ww F . ' 1 ’ 
. y ' » IO et yoy a 
' ' , Pe SOS4 vate 
, ‘ iu 5 “ aoe » 
, 1 1 i , ' 1 Paes es , an 
ro aa \ : . ‘ 
4) 3 
' ' 2 | ' 
» ‘ , . 
‘ ‘ % tr ' i 
' ‘ a 
1 als vO S : 
' : yo i nr ee ; in + 
S roy = ' pens iy 33 
‘ , a , 4, : ’ : 
ty . i a 
7 : , A 5 
fi , 4 t 
4 
\ ‘ 
' os tos xa 
2 \ ; 
, 
no 
y : te 
eM ; . 
! . 
i tn ’ . Ayer. 
‘ Pant 
' 4 MAR 
on 
. . 


S. aNd 


TRL 


ay 


HYBRID. Sreve Oe 
S BES | Soise 


f 
WH [Nelara Ble PtAocee. 


LESSIG Cxet TELA 
LENGTH *//0 ff . a 
| AUN: Wib7y = lopr. x 
SIAN. LOAD = Bo zoos - 


Vids pie \/ 
Mewaspan Tess Stee 
fs / \. / \: fy. 


ee. (/20,000 £85. Nverr) at 
/GF a ; ‘~= F. 3o.7 fo é 47. LES. 


é 2 
Woe 
LPC Vereen UNFORM toapjwg- SI “B 


3 SF. ue 
w= (22)(04) = (opt (#FOX 0%) = 2/g/ pais. 
LUST KIBUTEO OVELE, & JS0/S7°S = 272 1a5. fpf LIVE Loa PER Jois7 


Lorn LQsrerevzie AT PIAXx% [NELINATION 2 Zo” 


ie — Ae (sollsipth 20°)= 37.6 z’ 
/ Caer /> Z “ ROIS IF7,.62 pos FR 
wa Get 4 FEO agg Ger eee ep. = ¢ Wf FT, 


P= (22,002 4635, 
fy? (420,000 )(cos 20°) = NZ76F es. 
fy = (120,900 IOs Zo} = Fh O¢2 eas. 


C- 74 


Lae 


SRK op ORES EER LIES SOT T ILE oy 


ae ee 


wate 


LZ. IAD ne ke CBO A Max x. dedek, LOST IOS CC. one) 


aCM% 763 ee oe 


i= F/O X/Jo © <7,-405. 


s: pl? 


— _ 


low viling UN1[foRM Leaping = 71* “3 


We Grey? (3-/0x/04) = Zooo saa ee 


Jeisy- 


¢/, O¢2éas. y/ 


fy= B= G/Fo tas. diate” 


Gensweal  Kttmkks Conceznwivé Tkuss Syspeq! 


4 Rom STANDARD SPEC PICA yiews ANO foso TJAsles 
fok YaegP Lav 6S RAN Sypeec JSorsys 4 as Fella wIwes 
LENT Ef ed A 1057 BE KSollower, 
a) Fer COMPRESS/O~! FLAN ES Laz ash tly supposyeo 
ever P66 tl - GAN CE BECOVTPLISHED WOR DECK, 
2) PIAK. sLope IM OLLER. vo OSE losD JABLES ‘s 


Yz Wh LET = 


pig WECESSARY jo Pass dr! is. TROSS S¥ sper =4ePeoKx . ge IN. 
LEEP Hb COREY eblanigat AND per at FORGES + 


SPRessuerariot ato Fasere, SreESs i 


PRIVLIEM TIO OF GCABPEZ EGE. Je SEPA RAYE Je1sTs 
Ae FENSIO DIAGONAL CABLE B2IDGING. 


Assoc pv; tye Capon! fesss vee = 2 Les, JIN @ 
/ Ae [2.51% GI] = 2.6957: 


oe JA RANEY ERS E SABLE STeEss = wee = AGFAX. Sreess 


= (Shs. fytW 26912) = (6) 285. fw 


on 
ected SABO AR ANNA RL ASTER Mh ERAT HU Aart ML RNAS MER i DALEY aye G2 DL Atay NEP MURAL MOAT fel te 


BANS ee 


4 


cB hee. 
Naa | 
. 
<p 
¥ 
. 


‘ 
; 
he 


‘4 
¢ 
env 


* 
” 


ereprewetsse FO 


7 
> 


: ee 
yy st 
(ee + hae OTN pecan t 


+y 


“he 
ty 


see 
piglet, sang saat, = 8 


gs 


Uber 


ry 


cst 
von 


ty 


eat oe ee Oi ae 


aaa 


ee eT 
wan ari od tt 


San abenet, 1 


= 


rime Fe 


tee 


ee — 
kets ee seve an ara nat nC at EMR BEAST Paes 
as * bea Pe te FE eS SS ee ea 


. RAs OPP LS aoe 
we 2 


rts 


S6DLH11 


56DLH17 55 66 
{ 4 


4 te 


This table was developed using 30 000 pit: allowable 


tensile stress.:Steels with allowable. tensile stresses 
from 22,000 psi t0:30,000 psi may. be used to meet 
this load table. The following table givas the TGTAL 
‘safe uniformly distributed load-carrying capacities 
in pounds;per linear foot.of span: 


Alisioads: shown are for roof coistruction only. The 
weight of ‘DEAD loads, including-weight of joists, 
must in ail cases be deducted to determine the 
LIVE load-cafrying. capacity ‘of ‘the: joists. Approxi- 
mate weights per linear foot of joist include ac- 
-cessories. 


The figures shown in rad are the LIVE isdn per 
-livear foot of joist which: will produce an approxi- 


mats. Geilection of F 1/360 of the span. Loads which 


the span may: he - ‘obtained by multiplying the fed 
figures by 1: 5: (NOTE: The tabulated“Ioads corre- 
sponding to these deflection limitations have been 
computed on the basis of. 30,000 psi allowable 


stress provisions. For jofsts designed’ to. a lower. 
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working stress, these loads may be increased in the 


“ratio of 30,000 psi to the design stress used, in order 


to meet the same deflection limitations.) For-roofs, 
LIVE load deflection is limited to 1/360 of the span 
where-a plaster ceiling is attached or suspended: 
1/240 of the span fo: all other cases. In no case shal! 
the TOTAL capacity of the joists be exceeded.” _ 
When holes-ere required in the top or bottom chords, 
the canying capacities must be reduced in proportion 
to bel aeomniceh of chord aress. : ; 
Téie_top Chords_are_considered ss _being s tayed 

iateral k we 
The load sable applies to joists with: either peraile 
chords or standard pitched chords. When top chords © 
, are pitched, the carrying capacities. are determined 
‘by the nominal depth of the joist at the center of 
the spsn. Standard top chord pitch-is %” per foot. 
if pitch exceeds this standard, the load: table does 
not apply. 


The load table may. be used fos for paraliel chord joists 
installed to a maxi mym slope of 4" per foot.. 
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*See on 204.10 of the Stondard Specilicatinns for Deep Longspan Steal Jorsis, DLJ and DLH Senes"lirits the design LIVE load dellectron as follows. 
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APPENDIX. F 


DEFLECTION OF AIR-{HELATED RAMP - 

"A critical: factor in. evaluating the feasibility of an air-infiated 
ranp 4s the acount of deflection. which sight be incurred. Unlike a 
conventional structure where member stresses. are typically the 
controlling design factor, the normally more flexible air-inflated 
structure may have perfectly acceptable stress levels and yet deflect 
to an inte leraniedeares: ‘In many instances this feature may be used 
to adventage, allowing the design to flex under high loads (i.e., 
"give with the punches") and then ‘spring back to its normal shape. 
Although moerietcal defiection vajues have been established. for the 
bow ramp, it is obvious that a great amount of deflection while a. 
heavy vehicle is embarking would not be desirable. 

Several efforts have been made to analytically predict the deflection 
of air-~inflated, dual-wall type structures. References 5 thru 10. and 
20: all propose analytical means, varying from rather straightforward, 
linear, small deflection. analysis to very complicated, multi-term 
expressions. The work done by NASA (reference 5, 6, 7, and 8) is 


mathematically extensive, but has apparently. only been used with small 


(18" x 18" x 1 1/8"). flat plate samples of air mat. It is exceedingly 


difficult to apply to the subject design. The analysis by Webb (refer- 


ence 20) is more applicable, but questionable when it attempts to 
optimize the bean stiffness. Probably the most useful is the work 
done by Dr. Bulson and Tutt in England (reference 2 and 3); however, 


it leans upon experimental measuremerts to establish stiffness 
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coefficients. As will be discussed, even further difficulty arises 
due to the comosite nature of the feasibility configuration. 
Deflection of a simple bean structure is. typically broken down. into 
two basic mechanisms: that due to bending (Gcesscetcngacion and 
compression of the upper and jouer Firs) and that due to shear (i.e, 
a vertical :shift between adjacent sections). In most long Figid beams, 
the bending. deflection is so predotinate that. the shear effect may 
reasonably: be ignored.* . 
This is not necessarily the case with an dir-inflated beam, In fact, 
both the NASA'-studies on: the air mat construction and the English 
reports on the -unreinforced, parallel -web, ‘dual:-wall bridge indicate 
that shear distortion is the major factor. ‘As will be shown, shear 
stiffness. is a function of pressure, but typically NASA reports 82-97% 
of the air mat deflection is due to shear while the bridge studies. 
indicate up to 97% i's. calculated as shear. 
Beam bending moment, assuming the upper and lower surfaces remain in 
tension, is resisted by normal stresses in the surface membranes. 
Transverse (vertical) shear is resisted by the inflation pressure 
and any shear capacity of the webs and side closures. This is thus 
somewhat analogous to sandwich plate theory. 


* For a simple rectangular beam with load at mid-point: 
As. 2 2/8 \* 


4p” G@ E\L . where 
— = modulus of elasticity: 
E,= shear modulus 
d = depth of beam 
L = length of beam ref.: Laurson and Cox 


“Mechanics of Materials"! 


weln actual testing, the calculated shear values exceeded total 
measured deflection at low pressure, 
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| F3 
The capacity of the ramp or beam to carry load in bending may be 
analyzed by simple beam theory. As the webs typically have ‘the high 
strength warp. running Vertically between the skins (direction of 
maxon load), the high elongation fill is lengthwise. Conversely, 
the low stretch warp runs lengthwise on the skin (maxims load 
direction in that ember). Thus tha webs may be conservatively 


_ assumed to have a negligible contribution as they have a ‘high 


elasticity in the bending direction. (Frequently, this may not be 
the case in special constructions. in such cases the section may bs 


treated as a composite beam with the webs having a different wodulus 


than the skins.) The effective moment of inertia is then expressed by: 
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y = r.cos 8 
aA = itde 
te 4 Lr ri cos? @ tr'd 6 
= wt cos? 40 | 
= bp3e [ve 0 + 1/4'sin 20) . 
bet [ue~ + 1/6 sin: 3° 
ee [ 2ets sin 20] | 


or 


5 _ 3 : : | : 
Ng F het [ sin 206+ 2] 


With a sinple supported beam, load at center,. 


where A, = bending deflection 


or alternately 
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Bending stiffness = So= ———— 1 Se 

‘ & Degt. . 

e af. Ebseez : 
‘eB 4S Fie 
= 46EL 
Le 
Note that this assuves equal material for upper and lower surfaces. ! 


The basic equation, which is not derived here, also is for small 
deflections where @ 2 727 @= S/n eo 

It is interesting to observe that, theoretically, bending stiffness is 
not a function of inflation pressure. (However, the pressure must 

be sufficient to- prevent compressive wrinkling and maintain a 

linear modulus of elasticity.) 

The capacity of the air-inflated beam to resist shear may be simply* 


analyzed. Looking at a free body or small portion of the beam: 


“Several references develop the samé equation by more rigorous 


means. 
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P i iol eee pene: S : Re. = shear deflection 
| favo P = intervel pressure . 
a asd ; V = shear force © 
: a) ca ; | A = cross. section area 
FIG. F2 T = sum of upper + lower skin. tensions 
. | ‘ Ly= distance from load to point 
of reaction. : 
seaming the webs carry no. load Pa halal 
Force balances 
| tany = V_ 
; pA 
v= pA tan & 
q for smal? angles, S 2% tanJ % sind 
i vt 
| . or 
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*a reasonable assumption in this case as the webs normally are not 
attached to the skin at ends. 


t 
"fk 
EI 
' 
fe 
2 
$ 
. * 
Yt 
ate 
is 
t 


egt tees 


~helttneMNAEDS NL EINGOLE LA SHEE ENE LOE BE LIONEL DE ALLA SEPD LG LT AO ALAA 
fie id . ea 7 . a tS . = 2k . 4, 2s s 


a) emcee ndigncttene erie actin Ne Seer, een + 


F7 
Deflection 


tang =A; or sing =A, 7 ie 
Ly ae 


* 
. 
“a 
Y 
i 


a 


~ om may tee 


Pa ian 


4, 3b; tnt . 
“W Agel, y ‘for smal) angles 


meets, 


leis 


Sse ee 


Sage Das Rinses tk 


or deflection per unit length 
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‘where § is the common term for anouiac shear 
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deflection for small angles 


The. sheer stiffness is S = LOAD . 
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_°. Thus shear stiffness is.a dirget function of pressure. {tt is this - 
: deflection mode then: that result. in. the beam becoming stiffer with 
isicreasing pressure (an intuitive observation. which i s easily 


- veri fied-experimentally). 


a 


As this.valué may be of frequent use, it may be further developed. for oe. 
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- Substituting in S = PA 


For one cell E 
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lt is Si gai Ficent to note that the contribution to shear stiffness by 


“the web members has been ignored im this analysis and in most reported 


Studies. Tutt arid Perkins in Ref. 3 analyze stressés in the web 


diaphragn, but do not enter the effect into theoretical deflection 


calculation. The wet effect is natucally included when they made 


7 ‘ 


experimental measurements of shear resistance. Likewise, Birdair has 
experimentally observed significant differences in deflection with 
relatively small changes in web construction. The problem presently 
is not only to develop a reasonable mathematical model of the detait 
constriction, ‘but also to. establish suitable property values. (modulus 
of elasticity, rigidity, etc.). for the rion~isdtropic fabrics: As a 
result, ‘in actual practice it is.:common to take a very pessimistic, 


conservative approach and-use the shear stiffness as a function of 


pressure (which is only true for the most. basic desighs) and then. 


experimental ly measure true values. ; 
Webb, in Ref. 20, develops an optimum relationship of web/cel} geometry 


for maximum stiffness, for minimum weight, baséd upon. the pressure 


shear stiffness, - Unfortunately, there are several. quastionable means 


uséd (principally in arriving at non-dimensional: parameters) iis, 


reaching the optimum geometry. Consequently, the web layout, show tn: 


Configuration 19, does fot agrée with Webb's. optimum arrangement, :but 


insteac has webs at & considerably closé spacthg. This should result 


is ‘tat “aus. to, Bending. and shear: 
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it may be apparent that Eirdair isnot fully convinced of the practical 
usefulness af the theoretical derivations. In this regard it ‘may be of 
interest to look at some comparative: results with two ‘experimental 
beams or panels. A typical beam is shown im Fig. Fhe Eacth bea. Was. 
9! x 38 x x 8" thick with seven cellss. The bears, were identi cal except 
#t hada straight single piy ‘lange. at the web/akin 593 nt, and #2 had 


a bias singte pl y Flange Bt ante Fol: fits, The fesults of testing of 


a; these: panels as -sinpte -bean mendes with various. loads: at the mid~ 


=pOint, are ‘showy’ an Fi geres FS and: Fb. Assdininig the total. def leétion 


Ae = As +2 ees, 
“where. AS total deflection | 
(Aas deflection. dug to bending 
; Be = : def lection due to. shear 
eae a “Fs “Yaad 
pe  pFsaure 


Based: pon the previously developed equations: 
_ a (BE ES: 
y 
=f F,. Veg pled Bran ervnwee names 

For a.given beam, Ly Ey. iy, A are cofistarts 
Theref Grey Bt a given F, but varying. pe 

Ae constant 

Agvaries as. 1/p 


| fay: 

z Thus, if we plot deflection as a function of I/p for various loadé,. 23 

S| A “An Figures F6 and Fil, it shouldbe possible to extrapolate the. test to 

4 obtain a deflection at Ue =O, Unfortunately, the sxperinental points 
do not lend themselves to a very reliable extrapolation; however, as 


shown in. the upper corner, it fs possible to estimate. a -ROxt probable 
2 point where the louds. cfoss the-vertical Y axis. Somewhat questionalily 


ASAD Smit meoramri ee erties serum damon anmadomanncra se 


for both:pavels,. this. forces w ‘to ignore the results at 5 ps! fas 


a | these wold indicate an uywerd deflection). Figures F7 and-FI2 are _ 
ql detail plots of daflection vs. load# at the various pressure ind : 
Hf » deflection due to bending, using the. stiffness rate derived from the ; 
A : - previous figuras. ‘4 ; : 


ay Using these results. and. using the relationship As . pee Se 
q | it 4s possible to arrive ata value for Oogat various loads and : 
a pressures. This is plotted for 20: Ibs. and 40 Ibs. ‘in Figures F8 and 
@ Fi3. The value of Fla. for various pressures may then. be plotted as 
4 din Figures F9 and FI4 to give a line representing shear .tiffnass asa 
function of pressure. The previously derived bending stiffness is also 
shown on these figuras. The results indicate a stiffness/pressure | 
relationship much higher then the equation. BAe Even :wore surprising, 


the bending stiffriess of both panels is apparently the sawe (30 tbe) 
( tn.) 


The stiffness/pressure. ratio.is different; at 4 237 panel 1 has a rate 


of 105 tb./in. while panel 2 has a rate of 135 Ib./in. This is quite . 


contradictory to what the simple theory would say. We might then 
question thé correctness of the theoretical pressure or shear stiffness. . 


From the previous equation, Ag = LV, it is possible to calculate deflection. 
pA 
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